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6 honor of delivering the 1938 Jane- 
way Memorial Lecture of the Ameri- 
can Radium Society is deeply appreciated 
by me for many reasons, but especially 
because of the association I had in estab- 
lishing the Memorial to such an outstand- 
ing pioneer in the treatment of cancer with 
radiation and surgery, and the happy per- 
sonal relations I had with Dr. Henry 
Harrington Janeway. 

In 1932 at the annual meeting of the 
Radiological Society of North America at 
Atlantic City, Dr. Burton J. Lee, the Presi- 
dent of the American Radium Society for 
1933, discussed with me the advisability of 
founding the Janeway Memorial Lecture. 
We felt that such a motion would be 
adopted by the Society, and I suggested 
as the first lecturer, James Ewing, friend 
of Janeway. Most of us were present at 
this lecture at the American Congress of 
Radiology held in Chicago in 1933, but 
Dr. Lee was an invalid at his home, and 
his untimely demise occurred November 
12, 1933. 

Henry Harrington Janeway was a bril- 


liant surgeon. When he was called to the 
Memorial Hospital, New York, in 1912, 
radiation therapy was in its infancy. He 
realized that he must acquire a_ basic 
knowledge of the physics and chemistry 
of radiations. In spite of the extensive de- 
mands on his professional services, he 
found time to attend Columbia University 
for two years. This example is worthy of 
emulation. Soon after, he made an exten- 
sive study trip to Europe. He reported his 
observations on uterine cancer in Surgery, 
Gynecology and Obstetrics in 1919. He took 
a special interest in the treatment by ir- 
radiation of carcinoma of the uterine cer- 
vix. I deemed it, therefore, very fitting to 
confine my address to the historical study 
of the treatment of uterine cancer during 
the last one hundred years. 


THE EVOLUTION OF 
SURGICAL TREATMENT 


The treatment of cancer of the uterine 
cervix during the last hundred years may 
be divided into two methods, surgical and 
radiological. The surgical methods com- 


* Delivered at the Twenty-third Annual Meeting of the American Radium Society, San Francisco, Calif., June 13-14, 1938. 
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prise the removal of the tumor either with 
the knife or the cautery, and the radiologi- 
cal methods imply the destruction of the 
tumor with the roentgen rays, radium and 
radon. 

Several outstanding events have crowned 
the surgical history of these one hundred 
years which have become milestones in the 
diagnosis and treatment of the disease. 
Such discoveries are rarely, if ever, a sud- 
den achievement, nor are they. the work of 
one man. A long series of observations, each 
in turn received in doubt and discussed in 
hostility, are familiarized by time, and lead 
at last to the disclosure of truth. 

In 1809 Ephraim McDowell performed 
on a Mrs. Jane Todd Crawford the first 
successful ovariotomy, and became the 
founder of abdominal surgery. In 1822 
Sauter did the first vaginal hysterectomy 
for a non-prolapsed carcinomatous uterus. 
This operation was based on the principle 
that to cure cancer all of the tumor must 
be radically removed. Sauter did not use 
sutures in this operation. 

In March, 1842, Dr. Crawford W. Long 
proved the anesthetic properties of ether, 
and in October, 1846, Wm. T. G. Morton 
in the Massachusetts General Hospital 
again demonstrated these properties and 
their surgical uses. Thus the principal hor- 
rors of surgery, fear and pain, were elimi- 
nated. Anesthesia completely changed the 
possibilities of the range of application of 
surgery to morbid conditions. 

But in every direction the surgeon’s 
work was hampered and frustrated by the 
occurrence of infection and all its dire con- 
sequences. The mortality from infection 
after vaginal hysterectomy was said to be 
as high as 80 per cent and the medical pro- 
fession in all countries condemned the op- 
eration, inasmuch as the few women sur- 
viving the operation afterwards succumbed 
to recurrences. 

In 1856 Louis Pasteur began the series 
of experiments which demonstrated finally 
that microorganisms were the cause of fer- 
mentation and of putrefaction. In 1867 
Lister began to apply a dressing material 
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capable of destroying the life of microor- 
ganisms by the use of weak solutions of 
carbolic acid. The use of carbolic acid was 
a prophylactic and therapeutic principle. 
Thereby Lister has been the means of 
saving more lives than all the wars of all 
ages have thrown away. 

The development of the surgical forms of 
treatment may be arranged in epochs, such 
as 1801 to 1878 in which removal of the 
cervix was initiated by crude methods of 
mass ligations and finally perfected as the 
high amputation, with a perfect technique 
of incision and suturing. Another epoch 
dating from 1822 to date was character- 
ized by the removal of the uterus through 
the vagina. It began with the attempt to 
shell out the uterus subperitoneally, fol- 
lowed by vaginal hysterectomy and finally 
perfected as the modern vaginal radical 
extended panhysterectomy as practiced 
today. A third epoch began in 1853. It was 
characterized by the development of the 
abdominal panhysterectomy which was 
later developed into the technique of the 
radical extended abdominal panhysterec- 
tomy. 

In 1801 F. B. Osiander performed the 
first amputation of the cervix by a mass 
ligature constricting the tissues and caus- 
ing the cervix to separate or slough off from 
the uterus. It may be noted that such ef- 
forts were confined to cervical carcinomas 
occurring in prolapse of the uterus which 
therefore were easily accessible to operative 
treatment. The poor results attained with 
amputation deterred the medical profes- 
sion from adopting this procedure. How- 
ever, in France, Dupuytren, Lisfranc and 
Hatin continued the operation for years 
but they also were finally induced to aban- 
don it. Huguer and Sims revived the opera- 
tion in 1846 but used a galvanocaustic 
loop. Finally, in 1878, Schréder introduced 
the operation known as high cervix ampu- 
tation. The cervix was removed with the 
knife, the bleeders were ligated and the 
denuded surfaces approximated with su- 
tures. The operation has become a stand- 
ard procedure for the removal of hyper- 
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plastic and extensively diseased cervices 
today. The failure to remove the carcinoma 
entirely explains the averse attitude of the 
medical profession to this operation in 
cervical cancer. 

It is interesting to browse through the 
old medical tomes and obtain a view of the 
thoughts and deeds of our forefathers. In 
1851 Kiwisch von Rotterau wrote that 
cancer of the uterus is almost always in- 
vasive and therefore cannot be removed 
without destroying the invaded organ. In- 
dications for extirpation were superficial 
location, accessibility of the growth and 
the possibility of removing all of the 
growth. These conditions prevail mostly 
in prolapsed uteri and were therefore in- 
frequent. The uterus might be partially or 
totally removed. Extensive extirpation 
was almost always lethal, but at times the 
patient recovered and lived many years. 
He discussed the vaginal and abdominal 
routes of access. 

Thomas, in 1872, stated that amputation 
is often indicated in cancer of the cervix 
but the tumor is rarely completely re- 
moved. If amputation is inadvisable, then 
the growth should be destroyed by violent 
caustics such as the acid nitrate of mer- 
cury. The actual cautery, such as heated 
irons or the gas jet flames, is very destruct- 
ive. A vaginal tubular speculum with 
double walls permitting a circular flow of 
cold water should be used to protect the 
vaginal walls and the external genitalia. 

In 1887 Gusserow said that it is gener- 
ally accepted today that cancer of the 
lower segment of the uterus is preemi- 
nently a local affection, which in but few 
instances, and then after a long period of 
existence, gives metastatic deposits in dis- 
tant organs. There exists no internal rem- 
edy and no medicinal procedure which is, 
or ever will be, capable of curing cancer of 
the uterus. One may hope for a radical 
cure after removal of the morbid tissue. If 
we are able to remove all the degenerated 
masses or, in other words, operate within 
the healthy surrounding tissues it would 
afford the possibility of a complete or per- 
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manent cure. It is probably true that high 
amputation of the cervix in an early stage 
of the growth might bring about a per- 
manent cure. Let me repeat once more that 
the chances of securing favorable results of 
treatment depend entirely on the detection 
of the disease in its incipiency. 

The principle that successful treatment 
of cancer means total eradication of the 
disease and that therefore the operation 
should attempt the removal of the tumor 
within the adjacent normal tissues induced 
C. Struve in 1803 to recommend and de- 
scribe the total removal of the uterus for 
carcinoma. In 1812 G. B. Paletta_ per- 
formed the first subserous enucleation of 
the uterus. In 1813 Langenbeck repeated 
the operation. However, the first really 
successful total vaginal hysterectomy for 
carcinoma was performed by Sauter, a 
Swiss physician, in 1822. He had practiced 
the operation on cadavers and performed 
the operation on the patient without the 
use of ligatures. The patient miraculously 
survived the treatment! In 1825 Récamier 
executed the same procedure but resorted 
to ligatures which included the entire 
broad ligaments. In 1828 Blundell also did 
a successful operation. In 1829 John Col- 
lins Warren of Boston performed the first 
authenticated vaginal hysterectomy in 
America. The patient died on the fourth 
day. However, all further attempts at 
vaginal hysterectomy were abandoned due 
to the high mortality of the operation, 
which was 70 to 80 per cent, and the almost 
universal recurrence of the cancer in the 
survivors. In 1878 Czerny surprised the 
medical world by the reintroduction of 
vaginal total hysterectomy for uterine 
cancer, aided by the use of anesthesia and 
by a perfect antispetic technique. The op- 
eration of Czerny was quickly adopted 
throughout Germany, Austria, Italy and 
Russia, while France, England and Amer- 
ica were slower in its recognition. The 
technique was rapidly improved and modi- 
fied. Excochleation and cauterization with 
live heat preceded the operation to lessen 
the danger of hemorrhage and infection. 
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Some used the knife to make the incision, 
others used the Paquelin cautery. In 1891 
Diihrssen and not Schuchardt introduced 
the paravaginal incision in order to facili- 
tate access to the pelvic organs. Schu- 
chardt’s description of the paravaginal 
incision was published in 1894, three years 
after the first publication of Dihrssen. In 
1903 Schauta published the results of the 
radical extended vaginal hysterectomy 
which has become the standard procedure 
for vaginal operations. 

During these periods the methods of 
igni-extirpation or cauterization held their 
own. Some surgeons practiced it in all cases 
stating that the operative mortality of 
vaginal and abdominal extirpations was 
too high due to infection. The method con- 
sisted of excochleation with a sharp spoon 
followed by cauterization with live heat or 
with chemical caustics. It was later de- 
veloped into operations as radical as any 
surgical procedure by Byrne, Werder, using 
Downe’s clamp, and Percy devising the 
low heated cautery iron. The methods were 
formidable requiring operations for vagi- 
nal and abdominal access. 

In 1853 Burnham, operating for cancer 
of the uterus, did the first successful ab- 
dominal hysterectomy for cancer in the 
world. In 1878 W. A. Freund reported his 
method of abdominal panhysterectomy for 
carcinoma. Inhalation anesthesia and anti- 
septic technique were used. He elaborated 
the modern principles of abdominal hys- 
terectomy as observed today. This report 
created an immense amount of discussion, 
approval and disapproval. Modifications 
in technique were numerous. Thus Pawlik 
in 1890 suggested the removal of the para- 
metria and insisted on the insertion of 
catheters into the ureters, so they might 
be dissected free and protected from 
injury. 

Another recommendation was the use 
of clamps to the parametria thus to control 
bleeding and to facilitate the removal of 
the adnexa and uterus. M. B. Freund used 
clamps in 1881, T. S. Wells in 1882, E. L. 
Doyen in 1887, and so on. The method is 
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still used today, especially in vaginal hys- 
terectomies (Jos. Price and his successor, 
J. W. Kennedy, Charles Mayo, Albert J. 
Ochsner, among others). 

However, the surgical mortality from 
abdominal panhysterectomy was so great 
and the recurrences so frequent that five- 
year survivals were observed only in the 
really early cases which would now be 
placed in clinical Group 1. As a matter of 
fact, the poor results induced the medical 
profession to abandon the abdominal 
method in favor of the vaginal operation. 

Soon Halsted published the results of the 
curability percentage obtained with the 
radical eradication in breast carcinomas. 
The principle consisted in the removal of 
the primarily invaded organ with the ad- 
jacent fascia, muscles and regional lymph 
nodes, in short the cancer-bearing area. 
Surmising that the same extensive removal 
of the carcinomatous uterus with the para- 
metrial connective tissue and the regional 
lymph nodes would raise the curability 
rate induced J. G. Clark, E. Ries and A. 
Rumpf in 1895 to recommend and execute 
extended abdominal radical panhysterecto- 
mies. It is singular that each one worked 
on the same problem though living in 
widely separated localities. Clark pub- 
lished his results in 1895. In 1898 Werder 
developed a procedure to dissect the vagi- 
nal wall with the cervix vaginally, remov- 
ing at least the upper half of the vaginal 
tube. Laparotomy then followed and the 
uterus with the parametria was freed. The 
peritoneum and abdominal incision were 
then closed, and the tumor with adnexa 
removed vaginally. 

The operation rapidly spread through- 
out the world. Polosson introduced the radi- 
cal extended panhysterectomy in France 
in 1905 and Berkely in England in 1gog. 
However, the primary mortality has re- 
mained high. This fact was undoubtedly 
due to the desire of the gynecologist to 
benefit as many patients as possible and 
thus to attempt the operation in really in- 
operable and advanced cases. The result 
was that operability percentages in the 
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patients were from 60 to 80 per cent. It is 
obvious that if patients had been chosen in 
whom all of the cancer could be removed 
the operability rate would have been smal- 
ler, the surgical mortality lower and the 
relative curability higher. In 1898 Wer- 
theim introduced the principles of the ex- 
tended radical abdominal operation in his 
clinic. The large number of patients at his 
disposal enabled him to apply the radical 
operation to a large group. The operation 
became known as the Wertheim operation 
though at a demonstration before the Chi- 
cago Gynecological and Medical Societies 
in 1906 he termed it the ‘““German-Ameri- 
can operation.” It should be designated as 
the radical abdominal panhysterectomy. 
Clark reported a primary mortality from 
operation of 8 per cent, and absolute cures 
of 16.67 per cent in 36 cases, and stated 
that the general adoption of the operation 
in view of its dangers and difficulties was 
not to be advised until the primary mor- 
tality could be reduced to a much lower 
percentage by simplification and perfection 
of technical details. The cardinal advan- 
tages of the operation lie first and above all 
in the extensive removal of the vagina, and 
secondly, and of equal importance, in the 
widest possible removal of the parametrial 
tissue. Neel reported 70 cases operated 
upon over five years ago. The immediate 
mortality was 20, or 28.6 per cent; the 
five-year survivals were 14, or 20 per cent. 

Weibel in 1913 reported 380 cases after 
five or more years. The primary mortality 
was about 20 per cent with an operability 
of 50 per cent; 160 patients were well and 
free from the disease. This means a rela- 
tive curability of the surgically treated 
patients of 43 per cent and an absolute 
curability for all cases admitted of 19.5 
per cent. 

The deduction may be drawn that (1) 
the percentage of operability varies, the 
average being 50 per cent; (2) the primary 
mortality is near the 20 per cent point; (3) 
the absolute curability is almost uni- 
versally 20 per cent. 

If Shakespeare were alive today he might 
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have written: “The evils of cancer opera- 
tions live after them; the good is oft interred 
with their bones.” 


THE DEVELOPMENT OF 
RADIOLOGICAL TREATMENT 


Just when the radical vaginal and ab- 
dominal methods of extirpation of uterine 
carcinomas had reached their highest 
technical perfection, and had led to the 
justifiable optimistic view that the control 
of uterine cancer was or would be soon 
achieved, roentgen rays, radioactivity and 
radium were discovered. 

It was stated that no discovery comes 
into the world parentless of previous con- 
ceptions. The x-rays discovered by R6nt- 
gen, November 8, 1895, were preceded by 
the cathode rays obtained from Hittorf 
and Crookes tubes which were used by all 
experimenters. The nature of the roentgen 
rays was determined by von Laue and cor- 
roborated by Friedrich and Knipping in 
1912. They showed that the roentgen rays 
were deflected by crystals and hence were 
light rays. 

Becquerel, upon the discovery of Rént- 
gen, surmised that the property of emitting 
rays was intimately bound up with phos- 
phorescence or fluorescence. He experi- 
mented with uranium and found that the 
emission of rays from uranium was spon- 
taneous, that it was an inherent and per- 
manent property of this matter. This new 
characteristic was called “radioactivity.” 
However, Becquerel’s discovery was ante- 
ceded by that of Niewenglowski, who 
rendered calcium sulphide phosphorescent 
by exposure to sunlight. He proved the 
penetrating powers of the phosphorescence 
by obtaining imprints on photographic 
plates enveloped in aluminum sheets imper- 
meable to light rays. The investigations 
of Becquerel had been witnessed by Pierre 
and Marie Curie and they began to investi- 
gate the radioactivity of uranium. In 1898 
by chemical analysis and fractional dis- 
tillation the new element radium was 
found. In Germany, Schmidt discovered 
the radioactivity of thorium in 1898, and 
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Hahn that of mesothorium in 1go0s. In 
England, Rutherford extracted radiothor- 
ium and Boltwood isolated ionium in 1907. 

Soon thereafter the biological effects of 
the radiations were studied and attempts 
to utilize these rays in therapy were made. 
Deep-seated pelvic tumors and massive 
and extensive cancers of the breast were 
subjected to irradiation and reported in 
the medical literature as early as 1902 with 
roentgen rays, and 1906 with radium rays. 
A new branch of therapy was thus founded. 
The crude pioneer efforts were rapidly im- 
proved due to physical, biological and 
clinical studies, necessitating the creation 
of a new specialty in medicine, namely 
“radiation therapy.” The culmination of 
these early efforts was the founding of the 
first medical society in America in 19165, 
dedicating its interests entirely to the study 
of the physics and therapy of radiations, 
particularly radium, ““The American Rad- 
ium Society.” 

The action of roentgen rays and radium 
on tissues was early recognized. That of 
roentgen rays was epilation and erythema 
of the skin of the patients, due to the pro- 
longed exposures during the taking of 
roentgenograms. That of radium was pro- 
duced unintentionally by Becquerel carry- 
ing a radium tube in his vest pocket, and 
intentionally by Pierre Curie after seeing 
the burn on the skin of his coworker. 

These observations induced Freund in 
1896 to apply roentgen rays to skin lesions, 
and Stenbeck in 1899 to use the roentgen 
rays in skin cancer. Other reports followed 
at short intervals from all over the world. 
Pierre Curie deduced from the skin burns 
produced by radium that it had thera- 
peutic possibilities and requested Danlos 
to investigate these properties. 

Radiation therapy began as an empirical 
art. No one knew anything about the con- 
stancy of tube emissions or the distribu- 
tion of the roentgen-ray intensities. With 
radium, the determination of dosage was 
not so difficult, as the element had a con- 
stant output of energy and intensity. 

Physicists and radiologists became early 
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interested in the physical and biological 
problems of radiation therapy. In roent- 
gen therapy measuring devices were con- 
structed such as the Sabouraud-Noiré pas- 
tilles used in the Holzknecht radiometer 
and photographic film strips used in the 
Kienbéck quantimeter. Benoist and Weh- 
nelt introduced penetrometers to measure 
the hardness of the rays. Perthes recom- 
mended metal filters to increase the pene- 
trability of the rays and to reduce the skin 
changes. Christen developed the _half- 
value layer to determine quality. In 1914 
I published a collective review of these 
investigations. In America many improve- 
ments were made. Physicists such as Cald- 
well, Snook, Duane, and Failla, among 
others, were of great assistance in these 
investigations. About 1907 Snook intro- 
duced the cross arm type transformer. In 
1913 Coolidge gave us the gas-free hot 
cathode tube. In 1908 Villard had built an 
electrometer to measure radiation in- 
tensity, Szilard improved it by attaching a 
reading scale, and Friedrich finally per- 
fected the instrument as it is known today. 
Thus it became possible to measure the 
output of roentgen tubes and radium. 

Measurements were taken in water 
phantoms to learn the distribution of radi- 
ation intensities from roentgen tubes as 
well as radium plaques and capsules. Equal 
intensity curves or isodoses were con- 
structed from these measurements by 
Friedrich and Glasser, Duane, Dessauer, 
Failla and Quimby, among others. Thus 
it became possible to predetermine the tu- 
mor dose in the interior of the body and to 
employ the cross-fire methods to increase 
the tumor dose. 

The measurement with electrometers of 
the distribution of radiation intensities in 
the water phantom led to the detection of 
secondary radiations. In 1913 Barkla 
found that radiations impinging on matter 
may be thrown out of their straight paths. 
He termed these radiations “scattered rad- 
iations.” The shorter the wave length of 
the primary radiation, the greater would 
be the percentage of scattering. The scat- 
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tered rays may become absorbed like the 
primary rays and add to the total dose. 
Friedrich and Glasser studied this phe- 
nomenon and investigated the influence of 
distance, filter, time and size of portal of 
entry on the scattering. Compton finally 
described the exact characteristics of scat- 
tered rays, which action is now known as 
the “Compton effect.”” The results of this 
research brought Compton the Nobel 
Prize in physics for 1927. 

Christen had proposed to determine the 
quality of radiations from the half-value 
layer. Duane in 1928 gave us a simple but 
correct method for the determination of 
the radiation quality, or wave length, by 
measuring the percentage absorption in 1 
mm. of aluminum for low voltages, and in 
1 mm. of copper for high voltages. Glasser 
constructed a similar curve from the half- 
value layer of copper. Thus, radiologists 
may determine the effective wave length 
emitted from the roentgen tube by the use 
of the graphs constructed by Duane and 
by Glasser. 

In the second decade of the twentieth 
century a quasi revolution occurred in deep 
radiation therapy due to the introduction 
of transformers with a capacity of 200 to 
250 kilovolts and the construction of Cool- 
idge tubes to carry such voltage. The fac- 
tors to be observed in deep radiation ther- 
apy have practically become standardized. 
The empirical methods of therapy have 
been changed to a scientific technique. 
Thereby roentgen therapy has been raised 
to a standard method in the treatment of 
deep carcinomas, especially those of the 
uterus. 

Massive and spaced methods of treat- 
ment were employed. The former were 
customary in Germany and the latter pre- 
vailed chiefly in France. The method was 
finally perfected as the technique of spaced 
and slow applications, known as the frac- 
tionated and protracted technique of Cou- 
tard. The necessity of long sittings and 
many fractions has not yet been definitely 
settled for the treatment of cervical carci- 
noma. 
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In 1930 Lauritsen constructed a trans- 
former capable of producing volts up to 
1,200,000 and a tube capable of carrying 
loads from 700,000 to g00,000 volts. In 
1931 a supervoltage transformer was in- 
stalled in the Memorial Hospital, New 
York, and in 1933 at the Mercy Hospital 
Institute of Radiation Therapy, Chicago. 
Similar apparatus are now available in 
Boston, New York, Detroit, St. Paul, Seat- 
tle, San Francisco, Los Angeles, among 
others. The transformer principles, of 
course, vary depending on the preference 
of the engineers and physicists. To render 
an opinion on the efficacy of such installa- 
tions or of the results obtainable from treat- 
ment would be premature. However, the 
conventional five-year period will soon be 
attained in some of the institutions and 
results should be available within another 
year. 

The published reports of clinical obser- 
vations furnish an interesting light on the 
inception and progress of radiation ther- 
apy. 
In 1902 Williams stated that “‘at present 
the practitioner is not justified in promising 
that the x-rays will cause deep seated new 
growths to heal. The treatment may, how- 
ever, afford relief in some cases, either after 
operation or where operation is not practic- 
able. With more experience and improved 
apparatus we have reason to hope that at 
least some of the internal new growths will 
come within reach of this method. Tubes 
of high resistance should be used in treat- 
ing internal forms of cancer.” 

In 1903 Wm. A. Pusey published a re- 
port on 6 cases of uterine cancers treated 
with roentgen rays. He obtained a good 
positive effect in 2 cases and amelioration 
in the other four. In the same year J. B. 
Marsh reported a case of uterine cancer 
which had been treated with roentgen rays 
and had recovered anatomically. At the 
same time, C. E. Skinner reported 38 
cases of intra-abdominal cancer. In 3 cases 
the tumor disappeared completely, i in 15 
cases a reduction in size was obtained, 
while 15 cases did not improve. In I914 
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Pfahler wrote that he began to treat can- 
cer of the uterus in 1901 and that he had 
treated 14 cases which were inoperable or 
recurrent after operation. All except one 
were failures, though reduction of bleed- 
ing and some improvement in symptoms 
were noted in all. He recommends opera- 
tion for operable cases but a follow-up with 
roentgen therapy. 

These citations depict the average opin- 
ion of the medical profession on roentgen 
therapy in large-sized and deep-seated 
cancers and tumors. It appeared that in- 
terest was gradually waning, when in 1912 
reports from American, French and Ger- 
man clinics appeared in the medical litera- 
ture about the successful treatment with 
roentgen rays of internal lesions. This was 
due to the introduction of the metal filter, 
the construction of transformers with 
higher capacities and the improvement in 
tubes, especially in the target material and 
methods of water cooling and regulation. 

The development of the technique of 
radium or curie therapy in deep-seated can- 
cers is equally interesting. 

In 1907 Dominici published his method 
of ultrapenetrating rays which has re- 
mained the standard principle of radia- 
tion technique. Dominici advocated the 
use of a filter consisting of 0.5 mm. lead 
walls or a corresponding thickness of gold 
or silver, which were surrounded by several 
layers of paper or gauze to arrest the sec- 
ondary radiation formed in the metal. 
Thus all soft rays, except the hard beta 
and gamma rays, were eliminated. The 
results were a change in the biological ef- 
fect as evinced by the differing changes in 
the tissues. Wickham, Degrais and Barcat 
increased the filter thickness to 2 and 3 
mm. of lead, though they still used small 
quantities of radium of 10 to 20 mg. but 
for long periods of time. They attained 
excellent results. Chéron and Rubens-Du- 
val progressed still further and used with 
the heavy filters large amounts of radium. 
In 1910 in L’obstétrique they propounded 
these hypotheses: (1) Inoperable uterine 
and vaginalcarcinomas should be treated by 
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Dominici’s method of ultrapenetrating ra- 
diation. (2) The ultrapenetrating method 
should be combined with the Chéron and 
Rubens-Duval method of massive doses. 
(3) The filtration should be the heavier, 
the larger the quantities of radium used. 
In 1914 they had already treated 19 cases. 
In 77 cases anatomical healing was at- 
tained. The French school can thus be 
given the honor of fathering radium ther- 
apy in uterine carcinomas, and to Wickham 
is conceded the honor of being “the father 
of radium treatment of cancer.” 

In 1903 Abbe obtained 150 mg. and soon 
after an additional 250 mg. of pure radium 
salts. In 1914 he had treated 750 cases of 
cancers of all kinds. In 1905 he treated a 
uterine carcinoma with curettage and 60 
mg. radium element. The case was well in 
1914. 

In 1910 Chéron and Rubens-Duval 
treated a patient with 9,600 milligram- 
radium-element-hours filtered with 0.5 
mm. of platinum. In January, 1911, an 
additional 1,600 milligram-element-hours 
was given. The patient died in April, 1912, 
from progressive paralysis. Autopsy did 
not reveal a single cancer cell. The carci- 
noma originally was composed of squamous 
embryonal cells; hence, radiation sensitive. 

In 1912 Kr6énig and Déderlein reported 
their observations obtained with heavily 
filtered and large amounts of mesothorium. 
Pinch, in 1912, treated two patients at the 
Radium Institute, London, with good re- 
sults. In the same year Howard A. Kelly 
began the systematic investigation of the 
therapeutic efficacy of radium in gyne- 
cological cancers. With Burnam he re- 
ported his observations in Ig915 at the 
annual meeting of the American Medical 
Association in San Francisco. At the same 
meeting I reported my observations begun 
in 1914 on a study of the histological 
changes produced in cancer by radium. In 
1918 John G. Clark published his results, 
in 1919 Janeway. In 1919 George Gray 
Ward began to use radium therapy. In 
Stockholm, Heyman started his work in 
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It would consume too much time to re- 
view in detail the work of these and many 
other investigators in radium therapy in 
gynecology. Suffice it to state that many 
of the large gynecological clinics in our 
country discarded all operations in favor 
of radiation therapy. The absolute five- 
year curability rate attained in these clinics 
varies from 25 to 30 per cent. 

Another advance began when radon, a 
decay product of radium, became avail- 
able for treatment. Duane constructed an 
apparatus as early as 1908 for the extrac- 
tion of radon. He was closely associated 
with Janeway at this time. Stevenson of 
Dublin was apparently the first to report 
on the successful use of interstitial irradia- 
tion in cancers. Janeway began the ex- 
tensive use of this method in all forms of 
carcinoma, including those of the uterus in 
1917. The action .of the capillary glass 
seeds was rather severely caustic, causing 
extensive necroses. Finally gold capillary 
tubes were used which arrested the soft 
beta rays, thus cutting down necrosis and 
inflammation. Today this method has be- 
come commonplace in radiation therapy. 
It is of greatest benefit in lesions which can 
be exposed by operations of access as done 
by Delporte and Cahen and Gellhorn and 
Taussig in St. Louis in regional lymph node 
invasions. 

I have given you a short résumé of the 
outstanding contributions to the treat- 
ment of cancer of the uterus during the 
last century. I have endeavored to let the 
decades pass before you more as one would 
follow the construction of a world monu- 
ment like a pyramid or a medieval cathe- 
dral. Many details and many names have 
been omitted, so as not to overlengthen the 
lecture; especially the last decades have 
hardly been touched. But it was not neces- 
sary to do so as we are personally witness- 
ing this constant progress made in the 
physical, biological and clinical aspects of 
radiation therapy. 

It is doubtful whether in any other field 
of human effort there can be found so many 
men of transcendent genius, magnificent 
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training and splendid balance of judgment 
as in the sciences of radiation, radiation 
therapy and cancer surgery. 

In the Valhalla of these pioneers stands 
Henry Harrington Janeway, our esteemed 
colleague, whose character and life work 
are honored in this Memorial. 
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OBSERVATIONS ON THE CHANGES OCCURRING AT 
BENIGN GIANT CELL TUMOR SITES SEVERAL 
YEARS FOLLOWING TREATMENT BY 
CONSERVATIVE MEASURES* 


By ALEXANDER BRUNSCHWIG, M.D. 


CHICAGO, ILLINOIS 


ONSERVATIVE measures in the form 

of local resection, curettage, and irra- 
diation, either alone or in combination with 
surgical procedures, have in general re- 
placed amputation or radical resection in 
the” treatment of giant cell tumors in the 
past fifteen years. Thus, it has become es- 
tablished that giant cell tumors are essen- 
tially benign lesions, but it is likewise 
recognized that they may become the sites 
of malignant neoplasms which metastasize 
and kill the patient. Simmons,! in 1931, re- 
viewed 81 cases diagnosed benign giant cell 
tumor from the Registry of Bone Sarcoma 
of the American College of Surgeons and 
found that 7.5 per cent died presumably of 
metastases. In 3 cases it was possible to 
compare sections of the original tumor with 
that causing death and it was established 
that the lesion had changed from a benign 
to a malignant growth. It would appear 
that there are no histologic criteria which 
will permit a prediction of ultimate malig- 
nant tumor formation in a benign giant cell 
tumor. 

Since conservative management has now 
been generally practiced for a number of 
years, it is perhaps of interest to consider 
what may be expected to occur at the sites 
of these tumors several years following 
such treatment, and where sarcoma of one 
type or another has not developed. There 
are not many published reports on verified 
cases followed for a number of years with 
roentgenograms taken after long periods 
following conservative operation. Still few- 
er opportunities have been afforded for his- 
tologic study of the tumor site in cases 
apparently controlled for several years. 

However, before considering the data 


bearing upon this question, a few words 
may be said concerning the course of these 
lesions when not treated. Such information 
is derived from a knowledge of the pathol- 
ogy of giant cell tumor and from the early 
clinical reports, when patients were often 
not seen until late in the progress of the dis- 
ease. The highly osteolytic processes even- 
tually produce marked cortical thinning 
and expansion with final complete destruc- 
tion of segments of the overlying bony shell 
and extend into surrounding soft parts as 
an expansile growth. From an intramedul- 
lary origin their extension is essentially 
laterally and not along the course of the 
medullary canal even though some degree 
of mechanical resistance is encountered 
when the overlying cortex is reached. 
Pathologic fracture may occur at any stage 
of the well-established process and the re- 
parative tissue reactions induced lead to 
varying degrees of fibrosis in the tumor 
with varying degrees of arrested develop- 
ment. It is not improbable that in tumors 
of limited size fracture at the tumor site 
has led to more or less permanent arrest. 
Likewise extensive spontaneous or traumat- 
ic hemorrhage (without fracture) might 
well have induced fibrosis throughout some 
tumors. Furthermore, an inherent tenden- 
cy to maturation on the part of the stroma 
may lead to spontaneous “cure.” A spec- 
tacular example of what might well be 
spontaneous arrest of such a lesion is af- 
forded by Case 27 of the Registry which 
received no treatment and was cited re- 
cently by Codman.? Roentgenologic evi- 
dence of benign giant cell tumor in the 
internal condyle of the femur was present 
over a period of twenty years. Increased 


* From the Department of Surgery and Division of Roentgenology of the Department of Medicine, University of Chicago. Read 
at the Fifth International Congress of Radiology, Chicago, IIl., Sept. 13-17, 1937. 


817 


| 
: 
' 
i 


818 Alexander Brunschwig 


Fic. 1. Roentgenograms of benign giant cell tumor 
in upper end of fibula (not biopsied) treated by 
roentgen therapy. The final roentgenogram, seven 
years after treatment, shows diffuse reossification 
apparently throughout the lesion. Some areas of 
reduced density persist in the upper portions. 
There has been no reduction in size of the mass: 
a new cortex has not formed over the lesion. (After 
Herendeen, Annals of Surgery, 1931.) 


thickness and sclerosis of the overlying 
bone finally developed, affording a roent- 
genological appearance not unlike a curet- 
ted giant cell tumor some years after 
operation (see below). 

Changes at Benign Giant Cell Tumor Sites 
Following Roentgen Therapy Only. It is dif- 
ficult to interpret accurately the changes 
occurring in benign giant cell tumor sites 
following roentgen therapy only, because in 
the large majority of the published cases 
with roentgenograms five or more years 
after treatment no initial or subsequent 
biopsy was obtained, and the clinical find- 
ings and histories often leave room for 
doubt as to the exact nature of the process. 
Furthermore, as far as I have been able to 
determine, no histologic studies are availa- 
ble in such cases after long periods follow- 
ing irradiation only and where the lesion is 
controlled. From roentgenographic studies 
of the more typical cases it appears that 
irradiation induces progressive reossifica- 
tion of the rarefied areas. This develops at 
first about the periphery and extends in- 
ward. Most or all of the tumor site may 
exhibit reossification by cancellous bone, 
but there is usually a large central portion 
or scattered smaller areas that are not re- 
ossified after several years. When apprecia- 
ble expansion of the cortex has_ been 
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produced, it usually persists to the original 
degree for years although in a few instances 
the expansion has been observed to regress. 
A new dense cortex does not form. Where 
the overlying expanded shell of bone ap- 
pears irregular, hazy or undulating in the 
original films, it later becomes smoother 
and much more clearly defined. 

A case treated by irradiation alone and 
presenting some interesting features is the 
following: 


Case 1. D. G. (4319). Male, aged twenty- 
seven. Admitted May 16, 1928, complaining of 
pain in the lower back with numbness over the 
left hip and signs of lower cord compression. 
Roentgenograms showed almost complete tele- 
scoping of the first lumbar vertebra as a result 
of an osteolytic process. No adjacent soft 
tissue masses were visible. A decompressive 
laminectomy was performed at which time 
dark reddish tumor tissue was found about the 
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Fic. 2. Case 1. Benign giant cell tumor destroying 
most of the first lumbar vertebra and producing 
collapse. Tissue for microscopic examination was 
obtained at the time of decompressive laminec- 
tomy in 1928, performed for symptoms of cord 
compression. Ossification developed as a result of 
roentgen therapy in masses of the tumor which 
were forced outward by the vertebral collapse. See 
discussion in text. 
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metaphysis. Microscopic examination of tissue curetted from lesion on April 5, 1933, showed 
typical giant cell tumor. Roentgen therapy following operation. Two years later dense sclerotic bone 
has developed throughout the tumor site. 


cord. Sections of the few fragments which were 
removed showed a typical giant cell tumor. 
Roentgen therapy was administered at inter- 
vals. Roentgenograms taken several months 
after the operation (Fig. 2), in 1930, and in 
1935 showed sclerosis of the collapsed vertebra, 
and bulging on each side of this, but especially 
on the left are rounded masses with rather clear 
cut outlines and visible by virtue of the fact 
that they exhibit diffuse irregular ossification. 
When last heard from, in 1935, the patient was 
well. 

Comment. In this case the masses of tu- 
mor tissue were in all probability bulging 
outward from the collapsed vertebra, hav- 
ing burst through the periosteum, when the 
patient was first admitted, but were not vis- 
ible on initial roentgenograms because they 
were not ossified. At operation they were 
not directly traumatized nor were they even 
exposed. The ossification may therefore be 
ascribed to irradiation effects upon the tu- 
mor. In all probability there was metapla- 
sia of the stroma into osseous tissue. Such 


Case 11, showing osteolytic lesion in upper inner aspect of humerus involving epiphysis and 


metaplasia is sometimes exhibited, to a 
varying extent, spontaneously by the stro- 
ma in some cases of giant cell tumor. 

In a sense, this case is an experiment to 
show that irradiation can induce ossifica- 
tion in giant cell tumors since here the tu- 
mor tissue which subsequently ossified was 
forced out by fracture and vertebral col- 
lapse and was for the most part extraskele- 
tal. It is conceivable that reossification of 
the tumor sites when these are entirely 
within the medullary cavity may also occur 
in part as a result of irradiation effects up- 
on surrounding non-neoplastic medullary 
tissue in a manner analogous to the stimu- 
lation of reossification not uncommonly ob- 
served in irradiated osteolytic carcinoma 
metastasis to bone. I am of the opinion 
that intratumoral hemorrhage which might 
result from irradiation is perhaps not an 
important factor in the stimulation of reos- 
sification because the large hematomas fol- 
lowing curettage and roentgen irradiation 
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Fic. 4. Case 111. Roentgenographic studies of benign 
giant cell tumor in mandible over period of seven 
years. Treatment in 1930 consisted of curettage 
(at which time the mandible was fractured) fol- 
lowed by roentgen therapy. Practically complete 
reossification of tumor site in 1937, with normal 
function since December, 1930. 


do not appear to become readily ossified 
(as will be discussed below). 

A number of questions concerning the 
irradiation effects upon giant cell tumors 
remain as yet unanswered because of lack 
of material for study. For example, what is 
the radiosensitivity of the giant cells, and 
is there a correlation between the type of 
stroma and radiosensitivity of a given tu- 
mor? 

Changes at Benign Giant Cell Tumor Sites 
Following Curettage (with Roentgen Thera- 
py). In this group several cases from the 
series of the University of Chicago Clinics 
will be discussed in which roentgenograms 
are available from four to fifteen years after 
the initial films were made. In 3 cases there 
is also tissue for microscopic study five, 
nine and ten years respectively following 
operation. 


Case u. G. S., male, aged nine. Admitted 
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April 6, 1933, complaining of pain and limita- 
tion of motion in the right shoulder. Roent- 
genograms show an oval rather well-defined 
osteolytic lesion involving the inner half of the 
humeral head and extending across the epi- 
physeal line to involve the mesial half of the 
contiguous metaphysis (Fig. 3). The lesion was 
cut down upon through a linear incision in the 
skin and a window in the cortex. Dark soft 
reddish tissue was curetted out of the med- 
ullary cavity. Microscopic examination of 
this showed a typical benign giant cell tumor. 
Roentgen therapy was administered following 
healing of the wound. Roentgenograms taken 
three years and two months later show very 
dense sclerotic bone throughout the previous 
site of the lesion. 


Case ut. F. V. (20716). Male, aged forty- 
seven. Admitted in March, 1930, complaining 
of a progressive painless swelling of the body 
of the right mandible of about seven months’ 
duration. Roentgenograms (Fig. 4) showed an 
oval area of reduced density with peripheral 
loculations just anterior to the ramus. This 
area was about 3 cm. in diameter. The bone 
about the lesion was very thin. Through an 
incision over the gum, an elliptical segment of 
the bony shell was removed and dark reddish 
tissue curetted away. While clearing out the 
peripheral locules a fracture was produced at 
the tumor site necessitating wiring the jaw. 
Roentgenograms eight months later showed a 


Fic. 5. Case 1v. Benign giant cell tumor in lower 
femur treated by curettage and roentgen irradia- 
tion. Four years later there is still a large rounded 
area of reduced density at the tumor site although 
some bone has developed about the periphery. No 
recurrence of symptoms. 
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“smoothing out” of the outlines of the tumor 
site and some new bone formation to reconsti- 
tute the normal width of the mandible. Al- 
though function was adequate, these roent- 
genograms showed non-union. The patient was 
seen again in February, 1937. There have been 
no complaints since 1931. Function has been 
normal and only a slight swelling at the tumor 
site is palpable Roentgenograms show bone to 
have proliferated to form an almost normal 
width to the mandible. The site of the lesion is 
occupied by cancellous bone with a small area 
of reduced density persisting. Some deformity 
due to the fracture is still present. 


Case iv. B. T. (51181) (Fig. 5). Female, 
aged thirty-five. Roentgenograms of the right 
knee in January, 1932, revealed an oval area of 
reduced density in the medial femoral condyle 
extending across the epiphyseal line into the 
metaphysis. A constrictor was applied, the 
lesion curetted, coagulation with phenol, filling 
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Fic. 6. Case v. Roentgenographic examinations ot 
giant cell tumor site in lower femur over a period 
of thirteen years. Treatment in 1922 consisted of 
curettage followed by roentgen therapy. Note 
period of seven years, 1922-1929, during which 
little new bone formation developed. During sub- 
sequent six years reossification was more active 
about the periphery and in the central portion of 
the tumor site. 
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2633. 

Fic. 7. Case v1. Roentgenograms showing large ex- 
panding and destructive lesion in lower tibia with 
healing following curettage and roentgen therapy. 
Five years prior to the roentgenogram taken in 
January, 1933, an operation for “‘scraping the 
bone” had been performed in another hospital. 
Histologic study of tissue removed at this time 
was not made. Solitary bone cyst? Giant cell 
tumor? 


of cavity with salt solution and tight suture was 
followed by roentgen therapy. There has been 
no recurrence of symptoms, and in roentgeno- 
grams taken four and a half years later the 
original outlines of the tumor site are well seen 
because of a narrow zone of increased new bone 
formation about the periphery. There is irregu- 
lar mottling throughout the lesion itself due to 
new bone formation, but it is not possible to 
state definitely how much ossification there is 
in the -entral portion of the tumor site. 


Case v. E. L. (15589). Male, aged thirty-one. 
In 1922 curettage followed by roentgen therapy 
was performed for a large trabeculated “‘cystic” 
lesion in the lower epiphysis of the left femur 
extending upward into the metaphysis. There 
had been a pathologic fracture of the condyle 
a few weeks previously. Histologic examination 
of tissue removed showed a typical benign 
giant cell tumor. In 1923 roentgenograms 
showed cortical thickening over the lesion. In 
the anteroposterior view there were small oval 
areas of reduced density at each extremity of 
the fracture line over which periosteal bone 
was being formed. These changes were inter- 
preted as being caused by tumor that was 
forced outward beneath the periosteum by the 
fracture. In 1929 the patient was free from 
symptoms except for a range of motion of 60° 
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Fic. 8. Case vi. Photomicrograph (x7) of portion 
of material removed from “tumor site.’’ C, seg- 
ment of lining of fluid-filled cavity. P, cortex of 
porotic bone which in places, 5, is absent. Most of 
the tissue filling the tumor site is cellular fibrous 
tissue producing a dense intraosseous cicatrix. 


at the knee joint. Roentgenograms (Fig. 6) 
showed the degree of cortical thickening about 
the periphery of the lesion to be about the same 
as six years previously. A large central area of 
reduced density approximately the size of the 
lesion persisted. Roentgenograms taken in 1935 
showed increased cortical thickening, and dense 
sclerotic bone to have finally developed within 
the tumor site, but not replacing all of the area 
of reduced density. After a latent period of six 
years, new bone formation became more active 
at the tumor site during the subsequent six 
years. Motion at the knee is now about 90°. 


Case vi. M. M. (75746). Female, aged 
twenty-one. In 1928, at another clinic, the 
lower portion of the left tibia had been “‘scraped 
for a painful swelling.” The pain was relieved 
temporarily but gradually recurred. When ad- 
mitted to the University of Chicago clinics in 
1933 an oval swelling involving the lower fourth 


of the left tibia extending to the ankle joint was - 


present. Roentgenograms (Fig. 7) showed this 
to be due to a “multiloculated” expanding 
cystic lesion over which the cortex was reduced 
to a thin shell. The epiphyseal involvement 
with extension upward into the metaphysis is 
characteristic of giant cell tumor, although the 
initial lesion may well have been a solitary bone 
cyst. The original roentgenograms were not 
available but it is probable they resembled 
these films. No histologic report was available 
from the original operation. Blood calcium 11.3 
and blood phosphorus 4.1 mg. per 100 cc. An 
incision was made over the anterior aspect of 


the lower tibia to exposure of the swelling. An 
elongated window was chiseled through the 
overlying shell. The lower two-thirds of the 
lesion was then found to consist of very dense 
fibrous tissue which in places extended through 
the cortex and was covered only by periosteum. 
In the upper third there was an oval cavity 
lined by fibrous tissue and containing about 
40 cc. of yellowish fluid. All of the fibrous tissue 
was removed in large pieces and by curettage. 
The cavity was swabbed with iodine. The walls 
were fractured and compressed inward. The 
wound closed and the leg put in a cast. Roent- 
genograms were taken at intervals and those 
made in January, 1937, four years after the 
second operation and nine years since the first 
one, showed diffuse reossification in the med- 
ullary canal and reformation of a thick cortex, 
with some deformity. Multiloculated spaces of 
reduced density were still apparent adjoining 
the articular surface at the ankle joint. 
Microscopic examination (Figs. 8 and g) re- 
veals the solid tissue filling the “cystic spaces” 
to be composed of dense collagenous tissue 
which is rich in fibroblast nuclei. In scattered 
areas the cells become rounded or fusiform, 
closely packed, and there is little collagen; the 
appearance here strongly suggests sarcoma ex- 
cept for the absence of mitotic figures. Asso- 
ciated with some of these cellular areas are 
several foreign body giant cells; i in such areas 
this combination suggests giant cell tumor. 
A segment of lining of the large cavity is seen 
to be composed of very cellular stroma as de- 


Fic. 9. Case vi. Photomicrograph (140) of inner 
border of bony shell overlying tumor site whose 
roentgenograms are shown in Figure 7. Areas of 
lacunar absorption, L, alternating with endosteal 
new bone formation, B. The latter has not been 
sufficiently extensive to produce appreciable 
macroscopic reossification. 
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scribed above; there is no definite endothelial 
lining. 

The cortex consists of a thin shell of porotic 
bone with delicate fibrous marrow between the 
trabeculae. On the endosteal aspect there are 
areas of vigorous osteoclastic absorption alter- 
nating with new endosteal bone formation. 
Some of the new trabeculae extend well into 
the subjacent fibrous mass. Included in the 
sections are areas where the cortex is com- 
pletely missing and where the central fibrous 
tissue lies directly beneath periosteum—the 
latter appearing quite inactive. 


Case vil. W. H. (122998). Male, aged forty- 
two. Roentgenograms of the knee in 1924 
showed a large, oval, well-circumscribed area 
of reduced density in the upper mesial aspect 
of the tibia involving the epiphyseal region and 
extending downward in the metaphysis. Curet- 
tage was performed followed by roentgen ther- 
apy. Histologic examination of the tissue 
showed a typical giant cell tumor. A sinus dis- 
charging a small amount of serous fluid per- 
sisted for several months and closed spon- 
taneously. There were no symptoms until 1934 
when discomfort related to activity developed 
at the tumor site. Physical examination of the 
knee in 1935 was negative except for some 
tenderness over the scar. Roentgenograms 
showed a persistence of most of the original 
area of reduced density. The lateral outline is 
sharp; there has been some cancellous bone 
formed over the mesial border and in the in- 
ferior portion of the tumor site. A wide strand 
of dense bone has formed in the center of the 
area of reduced density. 

Because of recurrence of symptoms the area 
was re-explored surgically through the old in- 
cision. Cancellous bone was first encountered 
and beneath this there was dense fibrous tissue 
which was excised by curettage. There was no 
gross evidence of infection or of giant cell 
tumor. (Cultures of the tissue were sterile.) 

Microscopic examination of the tissue re- 
moved showed dense avascular fibrous tissue 
with very few scattered nuclei. About this were 
coarse trabeculae of cancellous bone whose 
marrow spaces were filled by fatty fibrous 
marrow. At the periphery of the dense mass of 
fibrous tissue were a few scattered small foreign 
body giant cells, not resembling those of giant 
cell tumor but similar to those often associated 
with chronic inflammatory processes in bone. 
There was no evidence of giant cell tumor or 
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Fic. 10. Case vu. Roentgenographic examination 
at intervals over ten-year period of benign giant 
cell tumor in lower end of femur with pathologic 
fracture. Treatment in 1927 consisted of curettage 
followed by roentgen therapy. Re-operation in 
January, 1937, for draining sinus leading into bone. 
At this time a large intramedullary cavity filled 
by soft tissue was found. The presence of this cavity 
is not indicated in the final roentgenogram because 
of the sclerotic bone which has developed about 
the periphery of the tumor site. 


other neoplasm, nor of active inflammation. 
Apparently a very spongy bone was gradually 
invading and replacing the fibrous tissue filling 
old tumor site. Roentgenograms and micro- 
scopic sections of this case were reported in de- 
tail in a previous publication.* 


Case vit. K. B. (58). Male, aged twenty- 
four. Roentgenograms in 1927 showed a tra- 
beculated area of reduced density in the lower 
right femur invading both condyles and ex- 
tending backward into the metaphyseal region; 
there was only slight expansion. A pathologic 
fracture was present in the lateral condyle, 
having occurred three months previously. The 
lesion was curetted through a window in the 
mesial condyle. Histologic diagnosis was benign 
giant cell tumor. Roentgen therapy was given. 
A small chronic draining sinus persisted for a 
few weeks and then closed spontaneously. 
Roentgenograms in 1928 showed extensive 
filling in of the lesion by cancellous bone, but 
Persistence of an irregular band of reduced 
density along the fracture line. Roentgeno- 
grams taken in 1930 showed little change; the 
sinus at this time had been open for several 
months and prior to this the site was painful. 
There was healing followed by reopening of the 
sinus in December, 1935; closure and reopening 
again in March, 1936. This time it remained 
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Fic. 11. Case vit. Photomicrograph (140) of 
calcified dense fibrous tissue filling central portion 
of benign giant cell tumor site operated upon 
originally ten years previously. 


open until January, 1937, at which time roent- 
genograms showed a dense sclerosis throughout 
the whole tumor site with but few small 
scattered areas of reduced density. From the 
roentgenographic standpoint the tumor site 
appeared more definitely healed than at any 
previous time. However, because a probe could 
be passed into the bone through the sinus, re- 
operation was performed. The sinus was fol- 
lowed into an intramedullary cavity about 2 
inches in diameter, which was filled centrally 
with necrotic débris. This was enlarged by 
saucerization to three times its previous size. 
Yellow cheesy material was curetted out and 
the lining found to consist of soft lamellated 
fibrous tissue that became tougher peripherally. 
The soft tissue was removed until dense cancel- 
lous bone was encountered. Iodine irrigation 
followed by alcohol and filling the cavity with 
saline solution and closure without drainage. 
There was no gross evidence of benign giant 
cell tumor. 

Microscopic examination of the tissue re- 
moved showed the soft contents of the cavity 
to be composed of granular pale staining de- 
tritus, in which were numerous cholesterol 
crystal clefts; there were relatively few poly- 
morphonuclears and macrophages. Beyond this 
the tissue appeared amorphous, eosinophilic 
and exhibited few scattered leukocytes. Sur- 
rounding this in turn were lamellated bundles 
of collagen with numerous flattened fibroblasts. 
Large segments of the latter tissue had become 
calcified (Fig. 11). At several points the cal- 
careous deposit was becoming transformed 
into bone. 
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These histologic findings are somewhat 
similar to those observed in a solitary bone 
cyst of thirty-eight years’ duration which I 
reported.‘ In this case, no operation had 
been previously performed. The cavity was 
filled by a yellowish fluid rich in cholesterol 
crystals. The lining of the cavity was 
composed of a well-defined fibrous layer 
throughout most of which was a calcareous 
shell well visualized in roentgenograms and 
which on histologic examination showed 
small areas of organization into true bone. 
Such findings are also similar to those ob- 
served in old osteomyelitic cavities.® 

Case 1x. M. K. (1150). Female, aged twenty- 
eight. In 1921, at the age of twenty, the lower 
end of the right radius was “scraped” because 
of a bony swelling the “size of a hen’s egg.” 


Fic. 12. Case 1x. Roentgenogram in 1928 shows 
absence of lower end of radius which had been the 
site of a “giant cell sarcoma” six years previously 
and treated by curettage and large doses of 
roentgen radiation. Chronic infection and soft 
tissue damage as result of irradiation were fol- 
lowed by sequestration of portions of lower radius, 
and finally removal of the remains by operation. 
Roentgenogram in 1929 shows development of 
expanding osteolytic lesion in lower end of ulna 
opposite to the site previously adjacent to the 
tumor. Roentgenogram in 1935 shows result of 
placing heavy bone (which has “taken’’) at the 
site of excision of the lesion in the lower end of the 
ulna. Microscopic examination of the lesion re- 
vealed a primary malignant bone tumor probably 
osteosarcoma. 
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In 1922 and 1923 numerous roentgen treat- 
ments and radium applications were received 
but it is impossible to obtain information as to 
the dosage. A draining sinus then developed, 
and the tumor site was explored again, with 
removal of tissue which was diagnosed histo- 
logically as “giant cell sarcoma.” The draining 
sinus persisted and there was _ progressive 
sloughing of soft tissue. Subsequent roent- 
genograms showed extensive bone destruction 
in the lower 23 inches of the radius. A seques- 
trectomy was then performed followed by 
slow healing with the hand at right angles to 
the ulna. In December, 1928 (Fig. 12), the 
patient was admitted to the University of 
Chicago Clinics presenting marked radial angu- 
lation of the hand. No sinuses were present. In 
January, 1929, an osteotomy was performed 
above the lower end of the ulna. The latter 
bent laterally and was supported by an osteo- 
periosteal bone graft. The position of the hand 
was corrected in a cast. Following removal of 
the latter a fair degree of function was attained. 
In 1934 a tender swelling developed over the 
lower end of the ulna. Roentgenograms showed 
a multiloculated expanding cystic lesion on the 
outer aspect away from the surface that was 
adjacent to the affected (but since removed) 
radius. Following biopsy, the lower segment of 
ulna was removed and a heavy tibial graft in- 
serted. At present (1937) the graft has “‘taken” 
and a fair degree of function persists with cor- 
rection of the deformity. There are no evi- 
dences of recurrence. 

Microscopic examination of a whole section 
through the removed segment shows the tumor 
to be an expanding highly osteolytic lesion com- 
posed of spindle cells varying in size, shape, 
and arrangement, and exhibiting numerous 
mitotic figures. Throughout the section are 
numerous small giant cells of the foreign body 
type and true tumor (of the stroma) giant 
cells. In some areas there is “tumor osteoid” 
tissue. Diagnosis: Osteogenic sarcoma of bone 
or giant cell tumor undergoing malignant 
change. 


Comment. This case is cited because of 
the unusual subsequent development of a 
lesion in the adjacent bone but on the as- 
pect away from the site of the first tumor. 
Two factors must be considered in the eti- 
ology of the second neoplasm: (1) trauma 
and (2) the apparent intensive roentgen 
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and radium irradiation received to the area 
several years earlier. Malignant bone tu- 
mors have been produced by irradiation in 
rabbits.” 

DISCUSSION 


The Tissue Changes. Following thorough 
curettage of a benign giant cell tumor the 
site fills with a blood clot. It appears that 
ingrowth of fibrous tissue from the periph- 
ery toward the center leads to ultimate 
organization of most of the hematoma into 
a dense fibrous cicatrix, but with persist- 
ence of one or more relatively small fluid 
filled cavities where the lesion has been ex- 
tensive. 

Reossification of such intramedullary cic- 
atrices develops about the periphery of 
the lesion to form in most instances a new 
well-defined cortex. Reossification of the 
central regions proceeds at a very slow rate 
and as a result of endosteal activity from 
the overlying shell or cortex and from the 
adjacent cancellous bone. It is also con- 
ceivable that limited osseous metaplasia 
may occur in the cicatricial tissue itself. 
Years after operation new cancellous bone 
formation may have permeated only the 
outer regions of the intramedullary cicatrix 
and, as shown in Case V, there may be a la- 
tent period of several years before any appre- 
ciable new bone formation occurs. 

There is no apparent explanation for the 
slowness in reossification of the tumor site. 
Under other circumstances new endosteal 
bone formation occurs readily as a result 
of mechanical stimulation or circulatory 
impairment. Subperiosteal hematomas usu- 
ally become rapidly permeated by new 
bone, and in experimental animals excava- 
tions in the medullary cavities of long bones 
become readily ossified. 

No direct observations afford a basis for 
statements about the fate of minute frag- 
ments of giant cell tumor tissue that persist 
following curettage without roentgen treat- 
ment. It can hardly be assumed that at 
each curettage the entire amount of tumor 
tissue is removed. The impression that the 
incidence of recurrences following curet- 
tage of giant cell tumor has been reduced 
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by postoperative roentgen irradiation fav- 
ors the view that remaining foci of tumor 
cells may give rise to recurrences of active 
tumors. However, recurrences following 
curettage alone do not always occur and in 
view of the benign nature of most of these 
lesions it is not unlikely that such remain- 
ing foci of giant cell tumor tissue become 
blended with the fibrous tissue organizing 
the clot and remain inactive. As pointed 
out above, foreign body giant cells are of- 
ten present in chronic inflammatory pro- 
cesses in bone. Thus their presence in 
microscopic sections of giant cell tumor 
sites years following operation does not 
necessarily indicate persistence of tumor. 

Roentgenographic Changes. From the se- 
ries of cases reviewed above it is apparent 
that in roentgenograms large well-circum- 
scribed areas of reduced density may 
persist for several years following curettage 
of a moderate sized or large giant cell tu- 
mor. Such roentgenograms may not differ 
greatly from those obtained prior to opera- 
tion. However, it may be stated with some 
assurance that these “cavities’’ are in real- 
ity masses of dense fibrous tissue which 
may include small fluid filled spaces. A sim- 
ilarity of the roentgenographic appearance 
years after operation to that pior to opera- 
tion does not therefore indicate persistence 
or recurrence of the active lesion. Indeed, 
it appears that such a persistence of the 
alteration of the normal bony architecture 
is to be expected in most instances. The 
important point is not the persistence of 
areas of reduced density but the question 
of whether more bone destruction has de- 
veloped at the tumor site than was present 
just prior to operation or that can be as- 
cribed to operative interference. Where in- 
creased osteolysis is definitely demonstrat- 
ed, an active process of one type or another 
is to be suspected and re-operation for 
biopsy is indicated. 

Eventually portions of the rarefied site 
will appear to become filled in by sclerotic 
bone. Such an appearance may be due prin- 
cipally to increased new bone formation in 
the peripheral portions of the tumor site. 
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In small giant cell tumors treated by curet- 
tage alone or in combination with roentgen 
irradiation, the entire tumor site may be- 
come rather rapidly permeated by dense 
sclerotic bone. 

Treatment. Clinical experience has justi- 
fied conservative treatment, and this is well 
established. It is my opinion that conserva- 
tive surgical treatment alone is preferable 
to irradiation alone because in the former 
histologic examination is possible and the 
few cases of malignant or other neoplasms 
that might roentgenologically be confused 
with giant cell tumor are immediately dis- 
covered. 

The presence of a long persisting incom- 
pletely ossified focus raises the question of 
whether surgical procedure should be mod- 
ified to favor more rapid healing by ossifi- 
cation. There is little evidence in the 
material in this study to indicate that such 
persisting partially ossified tumor sites are 
undesirable when their significance is ade- 
quately appreciated. From the practical 
standpoint they do not appear to be points 
of marked weakness. 

On the other hand, it would seem desir- 
able to obtain as rapid and as complete re- 
ossification of the tumor site as possible. 
The principle of subperiosteal resection, as 
recently advocated by Codman,? where the 
tumor is not broken into except perhaps 
for biopsy and where the entire tumor is 
removed by incisions through normal can- 
cellous bone, appears sound from a theo- 
retical point of view. As he has shown, 
regeneration of normal bone readily occurs 
following this procedure and no large tu- 
mor cicatrix remains. However, where the 
tumor has reached considerable size, such 
an operation would appear to entail a long- 
er convalescent period than where simple 
curettage is performed. Further experience 
with the former procedure is necessary for 
proper evaluation. 

The use of bone chips to fill the cavities 
is not based upon physiologic principles. 
The use of large grafts with the object of 
furnishing calcium for reossification is for 
the same reason contraindicated. The lat- 
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ter are employed only when they are to 
function as supporting tissue. 

In my opinion postoperative roentgen 
therapy is indicated routinely. The reason 
for this is that irradiation alone is capable 
of controlling a large percentage of giant 
cell tumors and added to the operative 
treatment affords greater assurance for 
control of the lesion. Roentgen therapy cor- 
rectly administered does not increase the 
risk of complications but it should be ad- 
ministered with caution. Only moderate 
doses at 200 kv. are necessary; a total of 
1,000 r (measured in air) per series divided 
into three or four treatments. This series is 
repeated once or twice after periods of sev- 
eral weeks or three or four months. Doses 
comparable to those employed in the treat- 
ment of primary malignant tumors are un- 
necessary. Repeated small doses over 
indeterminate periods should never be em- 
ployed since there is ample clinical and 
experimental evidence that under such con- 
ditions irradiation may produce carcinoma 
in the exposed skin or sarcoma in the un- 
derlying soft tissues. Osteosarcoma has 
been produced experimentally by irradia- 
tion.’ 

SUMMARY 

A study is made of the changes occurring 
at benign giant cell tumor sites years after 
conservative treatment. 

Following roentgen therapy alone roent- 
genographic study of the lesions shows 
gradual reossification, first about the periph- 
ery and then extending centrally. Areas 
of reduced density may persist unossified 
for years. If there is considerable expansion 
of the cortex, this does not often become 
reduced, but usually remains to the original 
extent. A new dense cortex does not reform 
over the tumor site. Evidence is presented 
to indicate that such ossification is due 
principally to metaplasia in the tumor, an 
effect of the irradiation. Where the lesions 
are intramedullary, new bone formation 
may also occur as a result of endosteal 
activity in the adjacent cancellous bone and 
from the inner surface of the overlying shell. 

Following curettage (with or without 
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roentgen therapy) the changes are not 
those occurring in tumor tissue but in the 
large blood clot which develops subsequent 
to operation. This becomes organized by 
dense fibrous tissue, and where the tumor 
site is large, small fluid containing cavities 
persist throughout the region. New bone 
formation develops at first about the periph- 
ery of the site. A well-defined cortex is 
reformed. Permeation of cancellous bone 
into the organized hematoma is very slow 
and may develop only to a limited extent. 
There may be a latent period of several 
years before considerable central reossifi- 
cation develops, although endosteum is al- 
ways present over the bone adjoining the 
site. There is no obvious explanation for 
the delay in reossification unless it be due 
to the large size of the intraosseous cicatrix 
and the persistence of factors which origi- 
nally led to the tumor formation. In small 
giant cell tumors reossification throughout 
the tumor site usually occurs. 

The fact that abnormalities in the bony 
architecture will persist in the absence of 
active tumor tissue for years following cu- 
rettage and roentgen therapy, each alone 
or in combination, is of importance in eval- 
uating roentgenograms taken at intervals 
in the follow-up study of such cases. 
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ANEURYSMS OF THE AORTIC SINUSES 
OR SINUS OF VALSALVA* 
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PHILADELPHIA, PENNSYLVANIA 


NEURYSMS of the aortic sinuses are 
not common. In 3,000 autopsies made 
at a large general hospital, they occurred in 
approximately only 4 cases. They are usu- 
ally syphilitic in origin. However, arterio- 
sclerotic, mycotic and congenital types are 
occasionally observed. The congenital type 
has been well described by both Abbott! 
and Goehring.? These aneurysms produce 
complicated, bizarre physical findings, and 
various authors have commented upon the 
almost insurmountable difficulties their 
correct diagnosis presents.‘.*.’.° 

During the past eight years, a number of 
patients with aneurysms of the sinus of 
Valsalva have been studied in life and post 
mortem at the Philadelphia General Hos- 
pital. The condition is admittedly a diffi- 
cult one to recognize in life. In almost all 
instances we have observed, physical and 
roentgenographic examinations have failed 
to establish positively the nature and site 
of the lesion and have led to such diagnoses 
as mediastinal tumor, aneurysm of the pul- 
monary artery or aneurysm of the left or 
right ventricle. This difficulty in diagnosing 
sinus aneurysm in life has prompted the 
following clinical and anatomical observa- 
tions, which it is hoped may aid somewhat 
in correctly interpreting the very puzzling 
roentgenographic and physical signs pro- 
duced by this lesion. The complete proto- 
cols of the individual cases will not be 
cited. To aid in clarifying the discussions, 
six roentgenograms and two partially 
schematic diagrams are included. 

To fully appreciate the varied phenom- 
ena of these lesions, it is necessary to ap- 
proach the problem from an anatomical 
standpoint. The relations of the several 
sinuses to neighboring blood vessels, to the 


various cardiac chambers, and to adjacent 
organs, are important factors in determin- 
ing where these sacs will bulge. With one 
exception, the sinuses are entirely intra- 
cardiac, and aneurysms originating from 
them are tightly surrounded by other por- 
tions of the heart. The symptoms and 
signs are therefore the result not only of 
aortic involvement but also of secondary 
pressure and compression upon the sur- 
rounding cardiac structures. Not all por- 
tions of a sinus are necessarily affected by 
aneurysmal changes. As will be pointed 
out later, the main direction an aneurysm 
will take depends to some extent upon the 
portion of the sinus chiefly affected. These 
lesions may be latent, the sac being so 
small that, although symptoms may be 
present, no physical signs are produced and 
roentgenographic studies reveal no evi- 
dence of aortic disease. More often, dilata- 
tion of the sinus aorta may produce bulging 
on the right of the heart, posteriorly, an- 
teriorly, or in the region of the pulmonary 
artery or conus of the right ventricle. 
Being largely intracardiac, these aneu- 
rysms frequently encroach upon surround- 
ing dynamic portions of the heart, produc- 
ing at times most unusual murmurs and 
thrills not often associated with ordinary 
aneurysms. These sacculated aneurysms at 
the root of the aorta are usually about the 
size of an ordinary hen’s egg, but are capa- 
ble of enlarging and often burrow into the 
pericardial sac, myocardium of the atria, 
ventricles, or interventricular septa, where 
rupture occurs. The orifice of a coronary 
artery may arise from the sac, and the first 
portion of the coronary vessel be the seat 
of a true aneurysm.® In many cases, the 
heart is normal in size; but, where it is en- 


* From the Departments of Radiology, Cardiology and Medicine, Philadelphia General Hospital. Read at the Conference of Eastern 


Radiologists, Philadelphia, Jan. 28-29, 1938. 


828 


i 
| 
I 


VoL. 40, No. 6 


larged, the sinus lesion is often complicated 
by syphilitic deformity of the aortic valve 
area with regurgitation. 


CLINICAL ANATOMY 


In this study, the terms “sinuses of 
Valsalva” and “‘aortic sinuses” are used 
synonymously. These sinuses constitute 
the space just above the aortic ring, 
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ANATOMICAL RELATIONS OF THE 
SINUSES OF VALSALVA 


Great Transverse Sinus. This is closely 
related to the sinuses of Valsalva, and a 
description of the relations of the latter to 
the great transverse sinus is necessary to 
clarify the subsequent discussion. The floor 
or inferior surface (Fig. 1) consists from 
left to right of the following: 


RIGHT FACIES OF 
INTERVENTRICULAR SEPTUM 


Fic. 1. Schematic diagram showing relations of aortic sinuses to juxtapositional heart structures. 


bounded by the aortic leaflets and the inner 
surface of the aorta. This portion of the 
aorta is designated the sinus aorta; and the 
aorta immediately above, the suprasinus 
aorta. The three sinuses of Valsalva are 
best named as follows: 


1. The left lateral sinus (1, 22, Fig. 1), 
above which is found the orifice of the left 
coronary artery. 


2. The anterior or septal aortic sinus 
(48, Fig. 1), above which is found the ori- 
fice of the right coronary artery. This sinus 
is designated the septal sinus because it 
occupies the upper border of the posterior 
or the left ventricular surface of the inter- 
ventricular septum. 


3. The right lateral sinus (Rz, Ra, 


Fig. 1), which has no coronary orifice 
above it. 


1. The proximal portion of the left circum- 
flex and anterior descending arteries. 

2. The base of the left auricular appendage. 

3. The superior portion 
of the left atrium. ‘ 

4. The superior border of 
the interatrial 
tum. 

5. The superior portion 
of the right atrium. 

6. Base of right auricular appendage. 


face of these por- 
tions of the heart 
bound the right 
lateral aortic si- 
nus. 


The superior surface is formed by the right 
pulmonary artery. Anteriorly, are found 
the posterior surfaces of the ascending 
aorta and the pulmonary artery. Poste- 
riorly, are found the superoposterior por- 
tions of the left and right atria, which, in 
turn, are related to the interbronchial 
space and the hilum of the right lung, re- 
spectively. 
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RELATIONS OF THE AORTIC SINUSES 
(SEE FIGS. I AND 2) 
Intracardiac Relations: Anterior or Sep- 
tal Sinus (4S): This directly underlies the 
right surface of the septum at 4S’; and on 
the anterior facies of the normal heart its 
position is indicated by the broken circle 


Svc ( 


RIGHT ATRIUM 


RIGHT VENTRICLE 


Since the left atrium is located postero- 
superiorly an aneurysm here would present 
posteriorly. Its projected position on the 
anterior facies of the heart would be the 
dotted circle R7” containing the dotted 
half crescent representing this underlying 
half sinus (Fig. 2). 


ANTERIOR DESCEND/NG ARTERY 


jvc 


Fic. 2. Schematic diagram showing relations of underlying aortic sinuses to anterior facies of heart. 


AS" (Fig. 2). The underlying portion of 
the sinus 4S is also shown by a dotted 
crescent. 

Right Laterial Sinus: Is in relation to 
the upper anterior portions of the right and 
left atria. 

Anterior half of the sinus (R2) is juxta- 
positional to the cavity of the right atrium 
at R2’; on the frontal surface of the heart 
its position is the double circle R2” con- 
taining the dotted half crescent represent- 
ing the underlying anterior half of this 
sinus (Fig. 2). 

Posterior half of the sinus (R7) is related 
to the cavity of the left atrium at Rz’. 


Anterior Half of the Left Lateral Sinus 
(12): Directly underlies the pulmonary 
septal sinus PS, and is in direct relation to 
the pulmonary orifice. Its position on the 
anterior facies of the heart surface is the 
circle Z2’ in the region of the pulmonary 
conus and pulmonary ring; the position of 
the underlying half sinus is represented by 
the dotted half crescent (Fig. 2). 

Extracardiac Relations: Posterior Half 
of the Left Lateral Sinus: Is related to the 
base of the left ventricle at 17’ between the 
base of the left auricular appendage and 
beginning of the left anterior interventric- 
ular artery. Its anterior position is 
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indicated by the crenated circle 17” con- 
taining the dotted half crescent of this 
underlying sinus (Fig. 2). 

Interventricular Septum (Fig. 1): The 
anterior portion of the right ventricle has 
been removed. The apex of the left ven- 
tricle is depicted as it presents itself in this 
view. The right facies of the interventricu- 
lar septum is shown with the anterior inter- 
ventricular branch of the left coronary 
artery coursing down its superior border. 
On its left ventricular surface is found the 
septal aortic sinus (78), and on its right 
facies the septal pulmonary sinus (PS), 
which presents itself on the right ventricu- 
lar surface of the septum. 

Atria: The superior surfaces have been 
removed and the superior border of the 
interatrial septum is shown, with the right 
auricular appendage (R14) and the left 
auricular appendage (1.41). Pins perforate 
the aortic sinuses and the immediate juxta- 
positional structures. 


PATHOLOGY 


The most important etiological factor 
in this type of aneurysm is syphilis of the 
aorta. Congenital aneurysms of the sinuses 
of Valsalva are rare but, when they occur, 
are located at the septal or anterior aortic 
sinus juxtaposed to the membranous sep- 
tum. The underlying cause is a develop- 
mental failure in the formation of the 
interventricular septum at its membranous 
portion. They can usually be differentiated 
from the acquired type by the age and 
history of the patient. Still rarer causes of 
sinus aneurysms are localized arterio- 
sclerotic lesions and ulceration by bacterial 
implantation (mycotic). 

When hypoplastic syphilis involves this 
portion of the aorta the resulting thinning 
of the media forms the groundwork of this 
type of saccular aneurysm. The lesion is 
usually discrete, so that one sinus or a 
portion of a sinus is involved. At times the 
sinuses may be involved by an extension 
downward from the suprasinus aorta and 
this produces an aneurysm primarily of the 
ascending aorta with secondary sinus in- 
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volvement. We are here concerned with 
aneurysms due to syphilis only, and local- 
ized strictly to the sinuses of Valsalva. 


CLINICAL DISCUSSION 


It will be apparent from a study of the 
above described anatomical relations that 
there are innumerable possibilities for un- 
usual findings and that no particular 
physical signs or symptoms can be desig- 
nated as peculiar to or diagnostic of these 
lesions. The great majority present them- 
selves in the third and fourth decades of 
life, an age somewhat younger than is usual 
in other types of aneurysm. Their termina- 
tion is usually by rupture into the peri- 
cardium, a heart cavity, the vena cavae or 
the pulmonary artery. In our experience, 
the onset of symptoms has usually been 
rather abupt. A few months of dyspnea 
is a common complaint; but more typical 
is an abrupt onset, with dyspnea, pain in 
the chest of a varying and not marked de- 
gree, precordial pressure and cough, fol- 
lowed by progressive circulatory failure 
and early death. The physical findings, in- 
tense thrills and harsh, often continuous 
murmurs, are usually most marked in the 
pulmonary area. The reasons for this are 
evident in Figure 2, showing the relations 
of these sinuses on the anterior facies of the 
heart. 

Aneurysm of the Anterior or Septal Aortic 
Sinus (AS, AS', AS") (Figs. 1 and 2). 
An aneurysm of this sinus will most com- 
monly produce a bulging through the inter- 
ventricular septum and extend anteriorly 
into the conus of the right ventricle, about 
I to 2.5 cm. below the pulmonary ring. The 
pushing forward of the septum into the 
conus will result in encroachment on the 
right ventricle and produce a condition not 
unlike a prevalvular pulmonary stenosis, 
with serious interference in blood flow 
through the pulmonary orifice. Thus, there 
may be found a bulging of the left anterior 
chest wall and intense systolic pulsations 
and thrills, often with a harsh, rasping mur- 
mur, which may be continuous (Fig. 2, 
AS"). Involvement of this sinus more to 
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Fic. 3. Case 1. Aneurysm of anterior or septal aortic 
sinus. Not well demonstrated in this view. 


the right will produce a bulging into the 
right ventricle in the region of the tricuspid 
valve commissure on the anterior or right 
¢ septal surface and cause inadequacy of this 
; valve, especially stenosis, with cyanosis, a 
. prominence of the neck veins and enlarge- 
ment of the liver. An aneurysm from the 
anterior or septal sinus may at times invade 
the interventricular septum and produce 
disturbance in intraventricular conduc- 
tion.’” Aneurysms from this sinus may rup- 
ture into the right ventricular cavity or 
conus. 


Case 1 (Figs. 3 and 4). A male, aged thirty- 
eight, white, admitted with a history of two 
months’ duration of dyspnea, weakness, full- 
ness in the chest and soreness of the breast. 
Examination disclosed a large knob-like swell- 
ing in the midsternum, at the level of the third 
to the fifth ribs, which presented a systolic ex- 
pansile pulsation with a coarse systolic thrill. 
There was a diastolic aortic murmur and all 

| the peripheral signs of aortic insufficiency. 
el Roentgenographic studies revealed, in the an- 
| terior view, a circular dense pulsating tumor 
mass just above the diaphragm, about 8 cm. 
in diameter. In the lateral views, there was de- 
struction of the lower portion of the sternum 
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and a pulsating soft tissue tumor beneath the 
skin. Both the right and left oblique views re- 
vealed the tumor mass presenting at the lower 
conus region of the right ventricle and destroy- 
ing the sternum. The left bronchus was slightly 
elevated and narrowed, with some widening of 
the bifurcation. The heart was enlarged because 
of syphilitic aortic valve disease. The point 
where this aneurysm presents (Fig. 2, 45’’) is 
difficult to show in the posteroanterior view, 
being best shown in the lateral or oblique view. 

For the aneurysm to reach the position 
shown, adhesions had been formed between the 
interventricular septum, anterior facies of the 
right ventricle and the retrosternal tissues, the 
aneurysmal sac then having the sternum as its 
anterior boundary. 

(While it is common enough for an aneurysm 
of the arch of the aorta to rupture externally, 
this complication is exceedingly rare in the case 
of an aneurysm originating from the sinuses of 
Valsalva, and we have found references to only 
a few others terminating in this manner.®) 


Aneurysm of the Posterior Half of the 
Right Laterial Sinus (Ri, Rr’, Rr’’) (Figs. 


Fic. 4. Case 1. Aneurysm of anterior or s«»tal aortic 
sinus. Left anterior oblique view to show destruc- 
tion of sternum. 
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1 and 2). An aneurysm of this part of the 
sinus would bulge into the left atrium and 
reduce the capacity of this chamber. 
Neighboring structures, such as the pul- 
monary orifices of the right and left pul- 
monary veins, may be encroached upon 
and the interatrial septum displaced. 
Posteriorly, the esophagus and the left 
stem bronchus would be encroached upon; 
anteriorly, the ascending aorta and pul- 
monary artery and, superiorly, the right 
branch of the pulmonary artery at the 
great transverse sinus. This aneurysm, ex- 
tending into the left atrium, would pro- 
duce a silhouette of this cavity similar to 
that seen in mitral stenosis. The enlarged 
left atrial region would extend backwards 
and upwards, widening the interbronchial 
angle, and with further backward exten- 
sion could reach the spinal column and 
erode the vertebral bodies. This lesion is 
best viewed in the right oblique position, 
showing encroachment on the retrocardiac 
space and pressure on the barium-filled 
esophagus by a pulsating mass in the upper 
left atrium. Rupture of this aneurysm 
would occur into the left atrium. 
Aneurysm of the Anterior Half of the 
Right Lateral Sinus (R2, R2', R2") Figs. 
Z and 2). An aneurysm involving the an- 
terior half of this sinus would bulge into 
the right atrium and markedly reduce the 
capacity of this chamber. It could encroach 
also upon the orifices of the superior vena 
cava, inferior vena cava and coronary sinus. 
The interatrial septum, too, would be 
subjected to pressure. When this aneurysm 
opens into the superior vena cava, the 
thrills and murmurs are to the right, and 
cyanosis, distention of the veins of the neck 
and edema of the face may be striking. 
This aneurysm, encroaching upon the 
juxtaseptal portion of the right atrium, re- 
duces the venous inflow and produces a 
stenosis of the orifice of the coronary sinus 
which empties the venous coronary flow 
into this atrium, and thus may greatly 
embarrass the coronary circulation. Rup- 
ture of this aneurysm would occur into the 
right atrium, and while such a termination 
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Fic. 5. Case 1. Aneurysm of anterior half of right 
lateral sinus of Valsalva in the region of right 
atrium. 


is considered rare, we have observed pre- 
vious reports of such an occurrence.?" 


Case 1 (Fig. 5). Male, white, aged forty, 
with a history of three months’ duration of 
dyspnea and pain in the chest, with a rather 
abrupt exacerbation of all symptoms just prior 
to admission. There was a rather marked 
cyanosis, with distention of the neck veins and 
a long diastolic murmur believed to be due to 
syphilitic aortic insufficiency, also a soft thrill 
to the right of the upper sternum, with a pe- 
culiar, low-pitched purring sound heard best in 
the third right intercostal space adjacent to the 
sternal border. Roentgenographic studies re- 
vealed a large circumscribed tumor shadow ad- 
jacent to the right heart border and extending 
beyond the margin of the right atrium. The 
right margin of the heart could be seen through 
this tumor mass. In the posteroanterior and 
lateral views a circular dense shadow could be 
seen within the right atrium, not encroaching 
upon the sternum and extending posteriorly to 
the right hilum. No erosion of the sternum or 
vertebrae could be seen. In the roentgenoscopic 
view, this was an expansile, pulsating mass. 


Aneurysm of the Anterior Half of the Left 


4 
: 
e 


834 H.W. Ostrum, B. D. Robinson, C. F. Nichols, and B. P. Widmann __ Decemser, 1938 


Fic. 6. Case m1. Aneurysm of anterior half of left 
lateral sinus of Valsalva below the pulmonary 
area on the left. 


Lateral Sinus (L2, L2') (Figs. 1 and 2). 
An aneurysm of the anterior half of this 
sinus encroaches upon the pulmonary sep- 
tal sinus (PS, Fig. 1) which overlies it and 
therefore produces extrinsic stenosis of the 
pulmonary orifice and marked disturbance 
of the function of the pulmonary valve. 
The physical signs will be those of pul- 
monary stenosis, often with hypertrophy of 
the right heart. The most prominent find- 
ing is the presence of a superficial and 
peculiarly intense systolic thrill in the 
second left interspace in the parasternal 
line, accompanied by a rather harsh systolic 
murmur. One may percuss out a bulge ex- 
tending beyond the normal left border, 
which produces an additional arc in the 
left border silhouette. This pulsating 
aneurysm will tend to erode the anterior 
portions of the second, third or fourth ribs 
just to the left of the sternum. While this 
aneurysm may rupture into the conus of 
the right ventricle, it has been our experi- 
ence that it most commonly terminates 
with rupture into the pulmonary artery.’ 


Case 1 (Fig. 6). A male, white, aged forty- 
nine; chief complaints, dyspnea and precordial 
pain radiating down the left arm, of not more 
than three months’ duration. There was a 
marked precordial heave in the second and 
third left interspaces near the sternum, with a 
rough, harsh systolic murmur and a superficial 
fleeting systolic thrill. Aortic insufficiency was 
not diagnosed clinically. Roentgenographic 
studies revealed an expansile tumor presenting 
in the upper conus region in close relation to 
the fourth rib anteriorly, which is eroded at its 
anterior axillary portion. There is moderate 
hypertrophy of both the left and right ven- 
tricles, with sclerosis of the aorta. 


Aneurysm of the Posterior Half of the Left 
Lateral Sinus (Li, Lr’, Li") (Figs. 7 and 
2). From the previous anatomical discus- 
sion, it will be recalled that this is the only 
portion of the sinus of Valsalva with extra- 
cardiac relations. The physical signs pro- 
duced will be located at the upper left 
border of the heart above the pulmonary 
area in the second left interspace, just 


Fic. 7. Case 1v. Aneurysm of posterior half of left 
lateral sinus of Valsalva. 
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within the base of the left auricular ap- 
pendage (L7’, Fig. 1 and Lz”, Fig. 2). An 
aneurysm here often compresses the pul- 
monary artery, producing a_ superficial 
thrill and a continuous humming murmur. 


Case Iv (Fig. 7). A colored man, aged thirty- 
eight, admitted with symptoms of pain of three 
weeks’ duration in the left chest, radiating to 
the left scapula and arm, and moderate dysp- 
nea; with a history of an untreated primary 
lesion eight years before. Examination revealed 
a precordial bulging and marked systolic pulsa- 
tions at the second and third left intercostal 
spaces in the parasternal region. Over this area 
was heard a peculiarly intense and continuous 
humming murmur. Roentgenograpnic studies 
revealed a large bulging, pulsating tumor mass 
in the region of the aortic arch, continuous with 
the left heart border and displacing the esopha- 
gus slightly to the right and posteriorly. There 
was no evidence of rib or vertebral erosion. The 
heart showed left ventricular hypertrophy, and 
there was a slight displacement of the left stem 
bronchus. This aneurysm differs from the 
others in this group in that it is the only one 
which does not encroach into a heart cavity, 
but presents on the external surface of the 
heart. Its contours are therefore intraperi- 
cardial and merge with the contour of the per- 
cardium covering the left border of the heart. 
Its backward extension would involve the left 
stem bronchus, and its rupture would be into 
the pericardial sac. This lesion may at times 
erode the anterior portions of the second and 
third ribs at their chondrosternal articulations. 
We believe that the silhouette shown in Case 
iv (Fig. 7) is characteristic of this aneurysm. 


Case v (Fig. 8). A colored man, aged thirty- 
eight, admitted with symptoms of precordial 
pain of two months’ duration, dyspnea, severe, 
slightly productive cough and also pain which 
radiated across both scapular regions. Wasser- 
mann reaction was positive. Examination re- 
vealed a heart enlarged, both to the right and 
left. There was a most peculiar, continuous, 
high-pitched whizzing type of murmur over the 
second left intercostal space, close to the 
sternum which was accompanied by a question- 
able thrill. There was also heard along the lower 
left border of the sternum, at the second and 
third intercostal spaces, a diastolic murmur 
which was believed to originate in the aortic 
valve area. There was peripheral evidence of 
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Fic. 8. Case v. Aneurysm of left lateral sinus. Mitral 
configuration. Prominence of extreme upper left 
cardiac salient and pulmonary congestion, 


aortic insufficiency. The blood pressure was 
155/50. The liver was markedly enlarged. 
There was moisture throughout both lungs. 
Roentgenographic studies revealed an enlarge- 
ment of the heart both to the right and left 
with vigorous pulsations over all salients. The 
silhouette of the heart was described as of the 
so-calied ‘‘mitral type.” There was no evidence 
of left auricular enlargement and no encroach- 
ment upon the barium-filled esophagus. The 
lungs revealed diffuse mottling over both sides. 
There was considerable blood-tinged sputum 
for several days which was believed to be due 
to congestive failure. The course was that of 
progressive circulatory failure with sudden 
death. 

At the final examination, there was found an 
aneurysm involving nearly the whole left 
lateral sinus and measuring approximately 2.5 
by 3 cm. in diameter. It markedly compressed 
the pulmonary artery. The left ventricle was 
moderately hypertrophied. The right side of 
the heart was markedly dilated and thinned. 
There was no evidence of a valvular lesion, 
either rheumatic or syphilitic, the only syphi- 
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litic process being confined to the left lateral 
sinus. The aneurysmal sac was intact but it 
would have been possible for this aneurysm to 
have ruptured, due to its anatomical position, 
either into the pulmonary artery or the peri- 
cardial sac. 

The physical signs were largely produced by 
compression of the pulmonary artery and pos- 
sibly to dilatation of the aortic ring, secondary 
to the aneurysm and giving the physical signs 
of aortic insufficiency. The marked dilatation 
of the right heart was undoubtedly secondary 
to the pulmonary artery compression. 


This case exemplifies, to a marked de- 
gree, the bizarre and confusing picture 
which these lesions may present. The pos- 
sibility of a sinus aneurysm was suggested 
in life but no studies, either physical or 
roentgenological, could demonstrate a sac- 
cular dilatation.* 

Aneurysms of the left lateral sinus must 
be differentiated from aneurysms of the 
pulmonary artery and an enlarged conus 
due to congenital heart conditions, as: 
(1) pulmonary stenosis and patent ductus 
arteriosus; (2) rarely, a localized productive 
pericarditis; (3) developmental heart dis- 
ease with a large right conus due to mitral 
disease or to lesions of the lungs, or to 
tumors in this region. To consider in detail 
the differential diagnosis of each of the con- 
ditions mentioned is beyond the purpose of 
this paper and will not be undertaken. 


SUMMARY 


We have made no attempt to review the 
entire literature on this subject, nor have 
we presumed to offer all the clinical and 
pathological variants of this lesion, but 
have confined ourselves largely to our own 
observations based on personal studies on 
hearts observed at the autopsy table, and 
of clinical material from the medical service 
and roentgenological laboratories of the 
Philadelphia General Hospital. The ana- 
tomical relations of the aortic sinuses have 

* We recently observed two mycotic aneurysms arising from 
the posterior half of the left lateral sinus and both encroached 
into the pericardial sac. In one ‘case ‘death occurred suddenly 
due to hemopericardium. In the other case the point of rupture 


was small, permitting leakage of infected material into the peri- 
cardial sac with a resulting extensive plastic pericarditis. 


been presented in some detail, because, in 
our experience, a detailed knowledge of 
these relations is of inestimable aid in 
clarifying the perplexing pictures pre- 
sented. 

In studying these aneurysms roentgeno- 
logically, one must bear in mind that they 
are all located within the cardiac silhouette 
because of the anatomical positions of the 
aortic sinuses and that, when one en- 
counters an intracardiac bulging, the pos- 
sibility of an aneurysm there must be 
suspected. There are also other conditions 
which produce intracardiac bulging to 
be considered, namely: (1) Congenital 
aneurysmal bulging or rupture from a con- 
genital malformation of the septum of the 
truncus arteriosus and appearing at the 
septal aortic sinus. (2) Rupture of a dissect- 
ing aneurysm located at the sinus of 
Valsalva or extending down from the as- 
cending aorta. (3) Rupture of the inter- 
ventricular septum or related portions of 
the heart following myomalacia, as a re- 
sult of cardiac infarction. (4) Rupture of 
the sinuses or related structures in bacterial 
endocarditis, or mycotic aneurysms. (5) 
Intracardiac bulge resulting from a healed 
cardiac infarction, with cardiac aneurysmal 
formation. 

The dynamic changes produced in any 
of the related intrinsic or extrinsic cardiac 
structures by bulging of these aneurysms 
can be more easily analyzed if one bears in 
mind the anatomical relations, and greater 
accuracy in diagnosis will result from a 
careful correlation of these relations with 
the clinical picture, physical findings and 
roentgenological observations. 
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A ROENTGENOLOGIC ANATOMIC STUDY 
OF THE LEFT AURICLE FOLLOWING 
POST-MORTEM OPACIFICATION *+ 


By R. HEIM DE BALSAC ann DANIEL ROUTIER 
PARIS, FRANCE 


| be ORDER to obtain precise and exact 
evidence about the topography of the 
cardiac cavities and the great vessels at the 
base in the mid-thoracic shadow, such as is 
naturally presented in the living, we began, 
five years ago, to inject the cardiovascular 
system in the cadaver with opaque medi- 
um, making a special attempt to change 
nothing in the normal situation of the or- 
gans. 

The previous works of de Cerné, Mou- 
geot, Delherm, Thoyer-Rozat, Chaperon, 
Perona and Ottaviani, and Dann have 
shown that this anatomic-roentgenologic 
investigation opens up a very fruitful field 
of study. In perfecting the technique and 
extending it over a great number of sub- 
jects in different ages of life and different 
conditions of health, particularly since 
some of them had different heart diseases 
at different stages of their evolution, we 
have attempted to establish the foundation 
of the cardiovascular anatomy, both nor- 
mal and pathologic, from a roentgenologic 
point of view to produce evidence which 
would be objective and to reduce, to a 
strict minimum, the necessity of interpre- 
tation. 

We have injected more than 100 sub- 
jects with opaque medium who, for the 
most part, during life have been examined 
by us clinically and who had in their re- 
cords many roentgenologic and electro- 
cardiographic data. 


TECHNIQUE OF OPACIFICATION 


Cannulas are fixed in the internal jugu- 
lar vein, the common carotid and the trach- 
ea. On the opposite side, the great vessels 
of the neck are sectioned between two lig- 
atures so that they will produce no traction 


on the cardiovascular pedicle. Through an 
abdominal incision, other cannulas are in- 
troduced into the inferior vena cava and 
the abdominal aorta. A delicate dissection, 
careful hemostasis and suture are indis- 
pensable for success of the injection; leaks 
from the injected trunks spoil the distribu- 
tion of the opaque substance. 

In cephalic suspension, the subject is 
placed vertically before the roen tgenoscope 
where he may be examined in any position. 
Insufflation of the lungs is carried out under 
roentgenoscopic control. It is necessary be- 
cause in the cadaver the thoracic cage tends 
to collapse and dilatation of the abdomen 
pushes the diaphragm upwards. 

The opaque substance, a suspension of 
barium sulphate—either liquid or semisolid 
—is injected through the jugular cannula 
under roentgenoscopic control. It fills suc- 
cessively the two vena cavas, the auricle, 
the right ventricle, the pulmonary infun- 
dibulum, the pulmonary artery and its 
branches. After taking roentgenograms, the 
abdominal cannula is opened (vena cava 
inferior) and then by water introduced into 
the jugular cannula the injected cavities 
are rinsed out and therefore almost en- 
tirely lose their opaque content. The pul- 
monary artery alone remains opaque as the 
water cannot remove the barium mixture 
from it. 

After lavage of the right cavities, the 
opaque injection is carried out through the 
carotid cannula. But at first it is necessary 
to pass a sound into the left ventricle, for 
the aortic valves prevent all retrograde 
penetration through its leaflets. The injec- 
tion fills successively the ventricle, then the 
left auricle, the pulmonary veins, the other 
side of the trunk and all the branches of 


* From the Clinique Cardiologique de la Faculté de Médecine (Hospital Broussais), Paris, France, Prof. Ch. Laubry. 
t Translated from the French by Eugene T. Leddy, M.D., Mayo Clinic, Rochester, Minnesota. 
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the aorta. Roentgenograms are taken in 
the same projections as those used for the 
cavities of the right side. This precaution 
is very important because it permits the 
superposition of the images of the cavities 
injected and the study of reciprocal rela- 
tionships in the cardiac shadow. 

We have thought it advisable to repeat 
here the technique of our method of injec- 
tion, even though it has been described in 
several previous publications, because of 
its value and of its exactness. In fact, the 
results of this method are identically the 
same as those which are obtained in 
the living by injection of the right side of 
the heart and the pulmonary branches (an- 
giopneumography). 

The anatomic-roentgenologic study of 
the left auricle consists not only in visual- 
ization of the left chambers but also in an 
analysis of the reciprocal relationships of 
the right and left chambers, as is obtained 
by the superposition of images of the vari- 
ous opaque cardiac cavities. 


ROENTGENOLOGIC AND ANATOMIC 
STUDY OF THE NORMAL 
LEFT AURICLE 


The normal left auricle is a cavity roughly 
spherical, is the most posterior of the car- 
diac chambers and is also the uppermost. 
In certain cases it is situated between the 
pulmonary artery, the aorta and the supe- 
rior vena cava, in contact with the right 
pulmonary artery and the tracheal bifur- 
cation, taking part directly, therefore, in 
the formation of the pedicle (Fig. 1). 

In the frontal projection the left auricle is 
invisible. After visualization it projects in- 
to the superior right portion of the cardiac 
mass and touches at its superior portion the 
junction of the heart with the pedicle. Its 
projection is rounded and discoid. There is 
superposition in the superior internal sec- 
tion of the right auricle, at the base of the 
junction of the right ventricle and the ori- 
gin of the aorta. Its contours are therefore 
entirely within those of the general outline 
of the heart. 

This opaque disc is broken on the right 
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and left by two horns which are the trunks 
of the pulmonary veins, entirely hidden be- 
hind the cardiac shadow like the auricle. 
Only the afferent vessels of the great trunks 
show their convergent ramifications on 
each side distinct from the silhouette of the 
cardiovascular shadow in the pulmonary 
fields. On the right side, this arrangement is 
very exact. On the left, it is partly masked 
by the left ventricle and by the first portion 
of the aorta, which are opaque. 

The left auricle, which all classic studies 
have placed in the left cardiopedicular an- 
gle, does not appear in this location in our 
studies. It is placed more posteriorly inside 
the middle of the arch which is formed by 
the trunk of the pulmonary artery. 

The auricle, therefore, does not touch the 
left outline of the cardiac shadow and we 
have always constantly found the left con- 
tour 2 or 3 cm. inside that of the middle 
arch. | 

In the first oblique position (O.4.D.), the 
left auricle forms the posterior-superior bor- 
der of the cardiac shadow (Fig. 1). In this 
projection the left auricle coincides directly 
with the formation of the cardiac outline 
and therefore can be seen. Its visualization 
brings out definitely some of its relation- 
ships such as its penetration into the pedi- 
cle which is quite evident (Fig. 1). On the 
contrary, more anteriorly, the outlines of 
the left auricle are hidden by the left ven- 
tricle, the aortic infundibulum and the as- 
cending aorta, simultaneously visualized. 
They are always a finger’s breadth from the 
middle arch which is formed by the infun- 
dibulum and the pulmonary artery, the pos- 
terior-inferior outline being formed by the 
right auricle. 

In this position the two auricles limit an- 
teriorly the clear retrocardiac space through 
which passes the descending aorta on which 
they often encroach. 

In the second oblique position (O.A.G.), 
the left auricle is the chamber most distant 
from the screen. As the heart is filled it is 
projected on the base of the auricle, super- 
imposing itself anteriorly on the posterior 
part of the right auricle and on the infun- 
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dibular region. Its superior outline often- 
times becomes visible at some distance 
from the pulmonary artery and the cross- 
ing of its left branch. Posteriorly the left 
auricle is superimposed on the descending 
aorta. 

In the left transverse position the posterior 
outline of the left auricle is clearly visible 
as it is in the first oblique projection. In its 
upper two-thirds, the cardiac shadow is 
formed in this projection by the left auricle 
which sometimes bulges slightly into the 
clear retrocardiac space thereby becoming 
visible. 

In this position, more than in the first 
oblique position, it is easier to follow exact- 
ly the posterior outline of the heart without 
recourse to visualization of the esophagus. 
This is especially true in the left transverse 
position in which the pulmonary veins 
break up this outline completely. 


ROENTGENOLOGIC ANATOMY OF THE 
LEFT AURICLE 


It is in cases of mitral stenosis that one 
may most easily study the pathologic left 
auricle. In different degrees of the affection 
or in the same subject, in the course of evo- 
lution of the cardiovalvulitis, one may see 
all the elements which permit a study of 
the increasing volume of the auricle in all 
its different stages. Usually the dilatation 
of the auricle extends to the right and pos- 
teriorly. 

In the first stage, increased in all its di- 
mensions, it develops posteriorly and slight- 
ly toward the right, projecting into the 
retrocardiac space in contact with the ver- 
tebral column. The thickness of the circum- 
scribed mass of blood in the cavity absorbs 
a greater quantity of roentgen rays so that 
the projection of the left auricle becomes 
visible in the cardiac shadow in the form of 
a dark disc which, like the visualized auri- 
cle, is projected always on the right center 
of the cardiac shadow. The right border of 
this disc (left auricle) and the right border 
of the heart (right auricle) form an image 
of double contour, with the left auricle in- 
side. 
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In the second stage, the volume of the auri- 
cle having increased, the cavity cannot de- 
velop indefinitely posteriorly as the spine 
offers an obstacle to it. Therefore it devel- 
ops progressively toward the right (Figs. 
2, 3 and 4). 

This “‘migration of the left auricle to- 
ward the right” has been anatomically 
demonstrated in many subjects which we 
have injected. In these cases the left heart 
on injection presents the usual outline as 
far as concerns the left ventricle and the 
thoracic aorta, but the left auricle whose 
volume may attain that of two fists or the 
head of a fetus is projected toward the 
right; its shape may be spherical and regu- 
lar or it may be wider than it is high. 

It adjusts itself, in effect, in a progressive 
way to the pulmonary veins forming pro- 
Jongations in the form of dilated horns. 
These are quite visible on the right as they 
are situated toward the middle of the tho- 
rax and their projection often gives the 
auricle an angular outline. The course of 
the pulmonary veins is therefore markedly 
displaced toward the right; these vessels 
then form an angulation before they empty 
into the auricle. 

In this stage the migration of the left 
auricle toward the right forces this cham- 
ber to become external to the cardiovascu- 
lar outline and to appear at the frontal 
projection in the cardiopedicular angle. 

The irregular rounded shadow which its 
projection forms pushes the right border of 
the heart downward and forms at this level 
“a double festoon” whose superior arch 
corresponds to the'left auricle and the in- 
ferior arch, the right auricle. 

Progressively, as the dilatation of the auri- 
cle increases, the left auricle projects to- 
ward the right and touches the inferior 
border of the heart near the diaphragm. It 
finally constitutes entirely the right border 
of the heart, again forming the image of 
double contour, but this time it is the right 
auricle which is inside where its projection 
forms a denser disc occupying the lower 
portion of the cardiac shadow. 

In these cases of extreme dilatation, which 
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have been described under the name of 
“aneurysmal dilatation,” the left auricular 
shadow extends on all sides beyond the 
right auricle and reaches the right thoracic 
wall. On account of its great size, one can 
no longer distinguish the right auricular 
margin; the projection of the two auricles 
becomes homogeneous and dense. 

The development of the left auricle toward 
the left has been classically described; we 
have seen it only in exceptional cases. In 
our films taken after injection, the normal 
left auricle is located, as we have already 
stated, some distance from the middle arch. 

This arrangement persists when the vol- 
ume of the chamber increases. The left au- 
ricle and the openingof the pulmonary veins 
on the left side into the auricle are not visi- 
ble, as they are hidden by the simultaneous 
visualization of the aorta and of the left 
ventricle. 

Nevertheless, in cases of marked dilata- 
tion of the left auricle in which the left auri- 
cle develops toward the right, the injected 
auricle, comparable to a voluminous horn, 
appears at the left of the origin of the aorta, 
filling up the left cardiopedicular angle, 
reaches the contour of the middle arch and 
takes part in its makeup. 

Thus, as it appears in the figures which 
we have reproduced, the left auricle com- 
pletely occupies the base of the heart, ap- 
pearing at the same time on the right and 
left border. 

In exceptional cases, the left auricle is 
displaced completely over the left border 
of the spine and seems to spread into the 
left pulmonary field. Its projection there- 
fore emerges from the outline of the heart 
and vessels in the left cardiopedicular an- 
gle, forming a regular and marked projec- 
tion which doubles toward the left the 
region of the middle arch. 

These different appearances of the left 
auricular shadow seen in the frontal pro- 
jection are corroborated by examinations 
in other projections. In this case visualiza- 
tion has furnished us with very important 
data. 

In the first oblique position the large left 
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auricles occupy the posterior-superior sec- 
tor of the cardiac shadow. They develop 
posteriorly, emerging in the retrocardiac 
space, reach the shadow of the spine, are 
superimposed on it and displace it toward 
the right. 

This posterior projection of the left auri- 
cle in the first oblique position is definite 
only in these cases where only the left auri- 
cle is voluminous, the right chambers pre- 
serving their normal proportions. In other 
cases, superposition of the two auricles, the 
projections of the arteries and veins and 
infiltration of edematous tissue make the 
analysis of the roentgenogram very difficult. 

In this incidence, the left auricle is al- 
ways distant from the middle arch even 
when it has developed toward the left, for 
rotation in that case seems to displace it 
posteriorly. 

In the second oblique position the projec- 
tion of the dilated left auricle occupies the 
situation of the normal left auricle but with 
increased dimensions. It often forms a 
dark disc and reaches the junction of the 
heart and pedicle. Still, visualization makes 
evident its relations with neighboring or- 
gans, the trachea, aorta, superior vena cava, 
infundibulum, the right auricle and the left 
ventricle. The left auricle being effaced, it is 
the right alone which forms the right bor- 
der of the heart and one can therefore ap- 
preciate its development and differentiate 
the two auricles. 

In transverse position (left profile) the left 
auricle deserves a special description. Nor- 
mally it forms, as we have seen, the poste- 
rior sector of the cardiac mass regularly 
outlined. Its dilatation makes it project 
posteriorly, where it is outlined at the su- 
perior portion of the retrocardiac space, 
forming a projection which can be seen. 

In comparing the image at this stage of 
dilatation with that which we have de- 
scribed in the frontal projection, one sees 
perfect agreement; the two projections are 
complementary. The auricular sac seen in 
profile forms a real bosse, the frontal pro- 
jection of which is the dark disc above de- 
scribed (Fig. 5). 
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Fic. 1. Case 1. Post-mortem visualization of the left 
chambers; first oblique position; normal left 
auricle projecting into the pedicle. 


The left auricular prominence in the 
transverse projection is very distinct in this 
stage. When the left auricle is more volum- 
inous its contact with the spine obscures all 
the clear retrocardiac area of which only an 
inferior triangle remains. 

The auricle, having moved over toward 
the right or the left, cannot be distin- 
guished well. On the contrary, in case of 
enormous auricular dilatation, its projec- 
tion encroaching on the base of the thorax 
covers posteriorly that of the spine and in- 
troduces a new important element. Visual- 
ization gives good demonstrations in this 
case and a presentation of 2 cases is much 
more eloquent than a long description. Vis- 
ualization demonstrated the relations al- 
ready known, of the normal left auricle and 
the dilated auricle with the tracheobron- 
chial bifurcation and with the visualized 
esophagus. 

Let us mention, finally, a fact brought to 
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light by our roentgenologic and anatomic 
studies; certain mitral cases present a pre- 
ponderant dilatation of the left auricle, the 
other chambers being only slightly in- 
creased, in other cases the left auricle and 
the right chambers undergo very important 
increases in volume. In other cases, finally, 
the right chambers have considerabie vol- 
ume while the left auricle is only slightly 
dilated. 

The findings and comments on them, 
which we shall present, show the interest of 
our studies. 

It is therefore due to the precision of our 
opacification of the cadaver that we are ina 
position to analyze with more exactness the 
cardiac shadow in the living subject and to 
appreciate in particular the degree of dila- 
tation of the left auricle in cases of mitral 
stenosis, an essential point in the evolution 
of this affection. 


REPORT OF CASES 

Case 1. B., female; at thirty-five years, from 
dyspnea, there was discovered cardiac disease 
and positive Wassermann reaction. Specific and 
cardiac treatment was started. At thirty-seven 
years, fatigue, dyspnea precordial pain and 
edema of the ankles necessitated hospitaliza- 
tion; double murmur over the whole precordial 
mass, systolic murmur at the apex, gallop, 
radial arteries hard, double crural murmur, en- 
larged liver, enlarged spleen, albuminuria, 
Wassermann three plus. Electrocardiogram, 
left predominance. Progressive cardiac insuffi- 
ciency, terminal bronchopneumonia. 

Roentgen study showed enlarged heart with 
projecting retracted right border and of the 
middle arch, pulmonary arteries involved, 
aorta a little dilated. 

Autopsy. The right lung was a purulent 
sponge; purulent collection in the left pleura, 
spontaneous pneumothorax of the right; there 
was suspicious pericardial effusion; enlarged 
heart, in particular an enlarged left ventricle, 
aortic valves thickened, posterior retracted and 
adherent to the wall, recent plastic thickening 
of the mitral valve, intense aortitis with partial 
soft thickening and regular enlargement. Large 
liver; kidney and spleen congested. 

Injection of the Left Chambers. The volume of 
the left ventricle was increased, its auriculo- 
ventricular relations were very well visualized 
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in the first oblique position, descending aorta 
was enlarged (second oblique position) and 
widened at its origin. Note the elevated intra- 
pedicular position of the left auricle (Fig. 1). 


Case ul. Lomb., female; acute rheumatic 
crisis prolonged at eleven years, cardiac disease 
subsequent to this. Return of rheumatic pain 
at thirty years. At thirty-three years appear- 
ance of dyspnea, on effort progressively worse, 
necessitating cessation of all activities at 
thirty-seven years. At forty-two years sudden 
attack of suffocation with cyanosis, arrhyth- 
mia, intensification of the first sound, loud 
holosystolic murmur at the apex, reduplication 
of the second sound, diastolic roughening, pul- 
monary obstruction, enlarged liver, edema. 

Roentgen study showed a large triangular 
heart, convex point, middle arch elongated, 
projecting outline very faint, right border con- 
vex with double contour, the left auricle 
emerged at this level of the cardiac shadow. In 
the first oblique position the retrocardiac space 
was entirely obscure, not effaced by cardiac 
mass in front of the vertebral shadow; in the 


Fic. 2. Case 11. Post-mortem visualization of the 
left chambers, frontal position; a large left auricle 
developing toward the right. 


- Roentgenologic Anatomic Study of the Left Auricle 
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Fic. 3. Case 1. Photograph cf the heart; all the 
afferent and efferent vessels are thick and adher- 
ent; the cavities after injection with formalin re- 
sume a shape comparable to that existing in life. 
In the frontal projection the left auricle is visible 
on the right border. 


second oblique position the left auricle pro- 
jected in transverse position, the pulmonary 
arteries were less marked. Electrocardiogram, 
auricular fibrillation. Progressive cardiac in- 
sufficiency, effusion, albuminuria, bloody urine; 
death. 

Autopsy. Pleural pericardial and peritoneal 
effusion. Lungs congested, full of infarcts (more 
than ten), nutmeg liver (1,410 grams), kidneys 
congested. Very large heart, enormous left 
auricular mass extending toward the right in 
the frontal position; the right auricle was still 
very voluminous. The left auricle extended a 
little to the left, and projected into the left 
cardiopedicular angle. The left endocardium 
was pearly, the ventricles regularly increased 
in volume. The mitral orifice was stenosed and 
deepened with rough calculus edges. The aortic 
valves were thickened and retracted. Tricuspid 
valves free, the posterior having a thickened 
edge. The pulmonary orifice was normal. 
Atheromatous plates in the pulmonary artery 
and the aorta. 

Post-mortem Injection of the Circulatory Sys- 
tem. The carotid injection gave a perfect 
visualization of the left chambers. In the 
frontal position (Fig. 2) the left auricle, with a 
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Fic. 4. Case 111. Post-mortem visualization of the left 
chambers, frontal position; large left auricle de- 
veloping toward the right. 


volume of that of the head of a fetus, projected 
toward the right, displacing the right border 
of the heart (Fig. 3). Toward the left the in- 
jected auricle filled the cardiopedicular angle, 
the auricular prominence was primarily to the 
right and a little posterior. There was moderate 
projection in the transverse position. The large 
left ventricle and the aorta gave normal pic- 
tures. 

Injection of the right chambers after lavage 
of the left chambers showed the important de- 
velopment of the right auricle in the frontal 
position and in the second oblique position. 
The pulmonary artery was relatively less volu- 
minous, normal in appearance. It did not en- 
tirely cover the left auricle, which for that 
reason had a part in the makeup of the left 
border of the heart. 


Case i. Doit., female, aged thirty; poorly 
characterized arthralgia in childhood without 
any acute rheumatic crisis; she had been short 
of breath since the age of twelve, cardiac dis- 
ease discovered at nineteen after typhoid fever. 
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At twenty-two repeated hemoptysis without 
any pulmonary lesion, associated with various 
dermatophytoses (secondary syphilis); at 
twenty-six blood-stained sputum, at various 
times deafness and transitory pains in the 
joints; at twenty-eight two slight hemiplegias, 
at twenty-nine asthenia, palpitation and dysp- 
nea, cyanosis, diastolic thrill, redoubling of the 
first sound, double murmur covering all the 
precordial area. Pulmonary obstruction, 
marked enlargement of the liver, blood Wasser- 
mann strongly positive. 

Roentgen Study. Large triangular heart with 
convex point, middle arch elongated and pro- 
jecting, marked in the first oblique position. 
The right border projected touching posteriorly 
the vertebral border in the first oblique posi- 
tion. Left auricular opacity seen within the 
cardiac mass, in the frontal position. The left 
auricle was markedly projected in transverse 
position, the hilar shadow partially hidden 
scarcely indicated the shadow of the pulmonary 
arteries apparently normal in the second 
oblique position. 

Electrocardiogram, regular rhythm, P-wave 
accentuated. In the course of various episodes 
of cardiac insufficiency tachyarrhythmia began. 
Progressively the cardiac shadow increased in 
volume, became triangular; the projection of 
the right border was particularly well marked 
without important change in the hilar shadow. 
Effusion particularly in the pulmonary fissures, 
death at the age of thirty. 

Autopsy. Lungs congested, numerous in- 
farcts, old and recent, liver 1,840 grams, 
mesenteric infarcts, kidneys congested; the left 
auricle was much dilated, size of an orange; the 
projection of the right border of the right 
auricle was quite voluminous; adherent clots 
in the left auricle, the mitral orifice was reduced 
to a rigid slit; the valves were thickened, hard- 
ened, attached to the mitral ring and to the 
columns at the periphery of the chamber. The 
tricuspid valves were thickened and dilated. 
The left ventricle was less voluminous, the aortic 
chamber was large, wide open valves retracted, 
attached to the diaphragm, admitting the tip 
of a finger. The right ventricle and pulmonary 
infundibulum were a little dilated. The pul- 
monary valves were normal. Slight atheromas 
at the bifurcation and the branches of the pul- 
monary artery, aorta normal. 

Post-mortem Injection of the Circulatory Sys- 
tem. The intracarotid injection demonstrated 
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the left ventricle increased in volume and nor- 
mal aorta in usual position. The left auricle, on 
the contrary, extended toward the right border 
of the heart, continued directly to the dilated 
pulmonary veins, prolonging the chamber by 
a sort of horn (Fig. 4). Toward the left the left 
auricle touched the left border, the auricle and 
the conic origin of the pulmonary vein on the 
left were situated in the region of point G. 

This arrangement persisted in the first 
oblique position while the left auricle extended 
from the left border of the heart. In the second 
oblique position there was a slight dilatation 
of the aorta; the image was confused with that 
of the left auricle in the middle of the cardiac 
mass. 

In transverse position (Fig. 5) there was con- 
siderable projection of the left auricle into the 
posterior-superior portion of the cardiac mass, 
encroaching on the descending aorta and even 
on the vertebral column. In spite of thorough 
lavage, the left auricle and the left ventricle 
remained visualized and the jugular injection 
gave a confused image which showed, never- 
theless, the extent of the auricular projection 


Fic. 5. Case 11. Left transverse position; note 
the posterior development of the left auricle. 


Roentgenologic Anatomic Study of the Left Auricle 


Fic. 6. Case 1v. Post-mortem visualization of the 
left chambers, left transverse position. After in- 
jection and lavage of the right chambers, the left 
chambers are slightly modified whereas the cham- 
bers of the right have a considerable volume. The 
left auricle in typical position. 


on the right. The pulmonary artery extended 
to the left over to the left auricle, forming with 
it alone almost the whole of the middle arch. 

The injection and examination of the speci- 
men were then done to demonstrate the de- 
velopment of a quite large dilatation of the 
left auricle which was shown toward the right 
in the frontal position and toward the rear in 
the transverse position. 

In spite of the presence of the auricle in the 
region of point G, the infundibular projection 
and that of the pulmonary arteries were situ- 
ated more externally, constituting alone the 
left border of the heart at this level. 


Case Iv. Lo., female, aged thirty-three, deaf 
mute, chorea at seven, cardiac disease dis- 
covered at the age of twenty-two, during preg- 
nancy which ended in abortion; at about this 
time there appeared functional troubles (palpi- 
tation and dyspnea) which at thirty were more 
marked and accompanied by precordial pain. 
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Regular tachycardia, marked systolic mur- 
mur at the apex with doubling of the second 
sound, diastolic souffle at the base, rales in both 
pulmonary fields. 

Roentgen Study. Large triangular shadow, 
projection of the middle arch and convexity of 
the right border. 

Electrocardiogram. Regular rhythm, right 
preponderance, P1 and P2 double, T3 inverted. 

Evolution. Progressive cardiac insufficiency 
gallop, cyanosis, death at the age of fifty-three. 

Autopsy. Much edema, ascites, 5 or 6 liters, 
lemon-colored pericardial effusion, 1 liter. Pul- 
monary congestion with small infarcts, large 
nutmeg liver—congested kidney, large heart, 
left chambers less voluminous, auricular endo- 
carditis, right chambers dilated, mitral sten- 
osis, very hard and funnel shaped, admitting 
only a probe. The three aortic valves were 
thickened and retracted forming a diaphragm. 
Tricuspid opening a little retracted, thickened 
edges, pulmonary arteries regularly atheroma- 
tous, a small normal aorta. 

Post-mortem Injection of the Circulatory Sys- 
tem. Visualization of the right chambers showed 
their usual arrangement but the dimensions of 
the auricle were considerable. 

After lavage, the left chambers were visual- 
ized. The ventricle and auricle were less 
voluminous (Fig. 6). 
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ROENTGENOLOGIC CLASSIFICATION AND DIAGNOSIS 
OF SILICOSIS 


By PHILIP B. MATZ, M.D.* 


Chief, Research Subdivision, Medical and Hospital Service, Veterans’ Administration 
WASHINGTON, D. C. 


| bi IS conceded by clinicians and students 
of silicosis that the roentgen examina- 
tion of the chest is indispensable in the 
diagnosis of silicosis and its complications. 
Pendergrass! states that a roentgen exami- 
nation, when properly carried out, is the 
most accurate means of determining the 
condition of the lungs in any case of sus- 
pected silicosis, or of differentiating the 
latter from any other similar condition. 
Sayers? is of the opinion that a roentgeno- 
scopic examination is a valuable diagnostic 
adjunct inasmuch as it reveals information 
in regard to diaphragmatic excursions and 
the presence of pleural adhesions. 

Pendergrass' holds that misinterpreta- 
tions of the normal variations in the lung 
markings are responsible for many incor- 
rect diagnoses. The normal lung markings 
are the shadows of the structures which 
accompany the bronchial tree, namely, the 
arteries and veins in the more proximal 
portions, and the supporting structures. 
The heavier shadows are called the trunk 
shadows, and their ultimate and barely 
visible terminations are known as linear 
markings. 

The inhalation of silica produces certain 
changes before parenchymatous nodulation 
develops, but these changes are not specific, 
and they are readily confused with the 
roentgen changes due to the reaction of 
nonsilicious dusts. They consist of an ac- 
centuation of the linear markings of the 
lungs. There may also be enlargement of 
the mediastinal shadows due to the reac- 
tion caused by the silica brought to the 
tracheobronchial lymph nodes. The latter 
changes are also not specific. According to 
Leroy U. Gardner* even though there is a 
history of several years’ exposure to silica 
dust, one is not justified in making a 


diagnosis of silicosis on the basis of roent- 
gen findings unless characteristic nodular 
shadows in the lung fields are seen. 

The roentgen picture of noninjurious 
dust reactions is characterized by an in- 
creased density of the trunk shadows and 
prominence of the linear shadows of the 
blood vessels in the lungs. This is due to a 
thickening of their walls from the reaction 
around the lymphatic vessels which they 
include. There may also be a fine reticula- 
tion in the periphery of the lungs from a 
reaction about the lymphatics that course 
through the pleura and interlobular septa 
(Figs. 1 and 2). 

The trunk markings and sometimes the 
linear markings can become accentuated 
by a number of pathological conditions and 
states which result in more dense and wider 
shadows. The latter may be due to inflam- 
matory processes in the lungs, fibrosis, 
lymphatic engorgement, abnormal circula- 
tory states due to cardiac decompensation, 
excessive amounts of secretion, or lack of 
air in the air passages (Figs. 3, 4 and 5). 

Accentuation of the trunk shadows and 
perhaps the linear markings may be present 
in the early stage of silicosis before actual 
nodulation takes place, and must be dif- 
ferentiated from such conditions as natural 
fibrosis due to age, passive congestion due 
to decompensation or following coronary 
thrombosis, acute bronchitis, bronchiecta- 
sis, etc. 

The typical nodulations present in sili- 
cosis are discrete and sharply defined and 
are located in the parenchyma of the lungs. 
They are usually present in the upper two- 
thirds of the lung fields, perhaps more pro- 
nounced on the right side with the lower 
one-third kept clear by emphysema. 

Many roentgenologic variations may be 


* We regret to state that Dr. Matz died suddenly at Santa Monica, California, on June 25, 1938.—Ed. 
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seen in silicosis. Some of these are the result 
of supervening nontuberculous or tubercu- 
lous infections. Others are due to the coal- 
escence of the fibrotic nodules. Inhalation 
of other dusts in combination with silica 
alters the picture. 

In view of what has been said, and inas- 
much as other respiratory diseases simulate 
silicosis from a roentgenologic standpoint, 
it is agreed by roentgenologists as well as 


Fic. 1. Case 1. M. F. Patient gives a history of an- 
thracite coal mining for twelve years. Roentgeno- 
gram gives evidence of accentuation of lung mark- 
ings. Roentgenologic classification 1.” 


by clinicians that the diagnosis of silicosis 
should be made only after there is a corre- 
lation of the occupational history and clini- 
cal and roentgen findings. 


ROENTGENOLOGIC CLASSIFICATION 


For the purpose of this study, the fol- 
lowing roentgenologic classification as sug- 
gested by Dr. H. L. Sampson, was used: 


(a) F 1—Slight or moderate accentuation of 
the linear markings, the cause of which 
cannot be definitely assigned. 


Roentgenologic Classification and Diagnosis of Silicosis 


Fic. 2. Case 1. E. E. Patient gives a history of an- 
thracite coal mining for thirty years. Marked ac- 
centuation of lung markings. Roentgenologic 
classification “F 2,” 


(b) F 2—Changes similar but more extensive 
than in Classification “F 1.” 

(c) Infection—Densities or strands of fibrous 
tissue often along trunks or septa with or 
without areas of calcification; indicative 
of “‘healed”’ infection. 


Fic. 3. Case 11. C. B. N. Patient gives a history of 
exposure to limestone dust. Few small fibroid 
nodules in perihilar regions, the remnants of an 
old infectious process. Roentgenologic classifica- 
tion “Infection.” 
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Fic. 4. Case rv. T. M. W. Patient gives a history of 
copper and lead mining for eight years. The roent- 
genogram gives evidence of infection of left pleura. 
There is no indication of nodulation, merely ac- 
centuation of lung markings. Roentgenologic 
classification “F 1 and Infection.” 


(d) 
(e) 
(f) 
(g) 


(h) 


First degree silicosis (S 1)—The nodula- 
tions are 2 mm. or less in diameter. 
Second degree silicosis (S 2)—The nodu- 
lations are from 2 to 4 mm. in diameter. 
Third degree silicosis (S 3)—The nodu- 
lations are 4 or more mm. in diameter. 
Conglomerate silicosis—A coalescence of 
the nodulations in which the roentgeno- 
gram shows conglomerate shadows usu- 
ally with associated emphysema. Con- 
glomeration may be due to previous 
trauma of the lung parenchyma resulting 
from bacterial invasion or from lymph 
flow disturbance. 
Silicosis with nontuberculous infection. 
(1) There may be localized densities 
and/or string-like shadows accompany- 
ing those of simple silicosis. The densities 
represent strands of fibrous tissue often 
along trunks or septa with or without 
areas of calcification; such localized 
densities are indicative of “‘healed” in- 
fection. 

(2) Then there may be shadows of 
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mottling, varying in size, with ill-defined 
borders which accompany simple sili- 
cosis. These represent one of two patho- 
logical conditions: either areas of 
bronchopneumonia with or without case- 
ation; or lobular areas of proliferative 
reaction with or without caseation. 

(3) Finally, infection may be charac- 
terized by soft nodulation, in which the 
nodular shadows of simple silicosis have 
now assumed fuzzy borders and may be 
irregular in distribution. Pathologically, 
there is an acute pneumonic reaction 
about the periphery of each silicotic 
nodule so that the latter is enlarged and 
lacks definition. Soft nodulation is 
usually accompanied by a larger localized 
shadow indicative of infection in some 
other portion of the lung. 

Silicosis with tuberculosis—Roentgeno- 
graphic densities consist of fibrotic nodu- 
lations, fluffy and hazy in outline, with 
a superimposed tuberculous infection 
characterized by pleuritic densities, 
roentgenographic irregularities of the 
diaphragm, or cavity formation. The 
silicosis and the tuberculous infection 


Fic. 5. Case v. J. L. L. Patient gives a history of 
silver mining for six months. There is accentuation 
of lung markings, also areas of infection. Roent- 
genologic classification “F 2 and Infection.” 
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exist more or less as separate entities. 

(j) Silicotuberculosis—This is a condition in 
which the roentgenogram shows con- 
glomerate fibrotic nodulations, pleuritic 
densities, irregularities of the diaphragm 
domes, or cavity formation. The lung 
changes are so extensive and the tuber- 
culous and silicotic conditions are so 
closely interwoven that it is difficult to 
show a separate background for either 
condition. 

(k) Asbestosis—In the early stages the 
roentgen findings may be described as 
showing a ground glass appearance in 
the lower parts of the lung fields. In the 
later stages the haze spreads to the upper 
portions of the lungs with the appear- 
ance of very fine stippling that obliter- 
ates most of the normal markings. The 
pleural shadow is definitely thickened. 
A characteristic finding at times is the 
heart shadow which is enlarged and, 
radiating from it into the lung fields is a 
series of heavy fibrous bands; the roent- 
gen appearance has been referred to as 
a “porcupine heart.” Manifestations of 
tuberculosis and other infections in 
asbestosis are characterized by dense 
homogeneous shadows with mottling and 
cavity formation. 


ROENTGENOLOGIC CLASSIFICATION 
OF CASES 


Table 1 gives the classification of the 
cases included in this study. The grouping 
was made in accordance with the roent- 
genologic terminology and nomenclature 
suggested by Sampson. This classification 
is based upon roentgen findings with spe- 
cial reference to the size and character of 
the densities representing the fibrous no- 
dules. 

It is noted that 50, or 29.9 per cent of 
the group, were classified as having silicosis 
of the first, second or third degree,—the 
largest number gave evidence of first degree 
silicosis. Nineteen, or 11.4 per cent, were 
considered as having silicosis with a 
coexisting nontuberculous infection,—the 
largest number were classified as second 
degree silicosis with infection. Seventy-one, 
or 42.5 per cent, were classified as silicosis 
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of the first, second or third degree with a 
coexisting tuberculous infection,—the larg- 
est number being first degree silicosis with 
tuberculosis. Twenty-six, or 15.6 per cent, 
were classified as having silicotuberculosis. 
There was but one case of asbestosis inthe 
series. 


ROENTGEN DIAGNOSIS OF SILICOSIS 
AND ITS COMPLICATIONS 


A study of Table 1 shows the character 
of the roentgen findings in 50 cases of sili- 
cosis. The most frequent roentgen evidence 
was accentuation of the linear markings, 
and beading along the course of the linear 
markings and at the bifurcation of the 
trunks; discrete nodule formation was next 
in frequency; next came widening of the 


Tas_e 


ROENTGEN CLASSIFICATION OF A GROUP OF 167 CASES 
OF SILICOSIS 


Number Per 
Classification of Total 
Cc ent 
ases 
Silicosis Si 35 50 29.9 
S2 13 
S 3 2 
Silicosis with S1 & Inf. I 19 11.4 
infection S2&Inf. 14 
S 3 & Inf. 4 
Silicosis with S1&TB. 30 71 42.5 
tuberculosis S2&TB. 24 
S3&TB. 17 
Silicotuberculosis 26 26 15.6 
Asbestosis I I 0.6 
Total 167 100.0 


mediastinum. Emphysema was present in 
42 per cent of the group of 50 cases. It is of 
interest to note that it was found in 42.9 
per cent of first degree, and in 38.5 per 
cent of second degree silicosis. There were 
but 2 cases of grade three silicosis. One of 
these gave evidence of emphysema; the 
other case showed no evidence of this con- 
dition. 
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Taste II 
ROENTGEN FINDINGS IN SILICOSIS 

Diffuse haze or shadow extending inward 

from the lateral pleura of the midportion 

of the lungs 21 60.0 10 676.9 2 100 33 66 
Linear markings of the lungs more promi- 

nent than normal 35 100.0 3: 98:3 2 100 49 98 
Beading along the course of the linear 

markings and at the bifurcation of the 

trunks 35 100.0 12 92.3 2 100 49 98 
Widening of the mediastinal elements and 

an increase in the size of the tracheo- 

bronchial lymph nedes 30 85.7 10 «= 76.9 2 100 42 84 
Nodule formation—discrete 33 94.3 11 84.6 I 50 45 go 
Nodule formation—discrete and confluent 2 $.7 I 50 5 10 
Emphysema 15 42.9 5. I 50 21 42 
Total number of cases 35 


From a roentgenologic standpoint the 
findings in this study show that there is 
very little difference between first degree 
and second degree silicosis, with the excep- 
tion that a greater percentage of second de- 
gree silicotics gave evidence of both dis- 
crete and confluent nodule formation than 
did first degree silicotics (Figs. 6, 7 and 8). 

A study of Table 111 shows that in Ig 
cases of silicosis with nontuberculous infec- 
tion, the most common roentgen findings 


in the order of frequency were mottling 
and widening of the mediastinum, next 
came diffuse haze or shadow extending in- 
ward from the lateral pleura of the mid- 
portion of the lungs, prominence of the 
linear markings and beading along the 
course of the linear markings and at the bi- 
furcation of the trunks, then emphysema, 
discrete nodule formation, and a combina- 
tion of discrete and confluent nodule for- 
mation (Figs. 9, 10 and 11). 


Taste Ill 


ROENTGEN FINDINGS IN SILICOSIS WITH INFECTION 


(NONTUBERCULOUS) 


of the lungs 


Number Per Cent 


18 94-7 
Linear markings of the lungs more prominent than normal 18 94.7 
Reading along the course of the linear markings and at the bifurcation of the trunks 18 94-7 
Widening of the mediastinal elements and an increase in the size of the tracheo- 
bronchial lymph nodes 19 100.0 
Nodule formation—discrete 11 $7.9 
Nodule formation—confluent I 
Nodule formation—discrete and confluent 7 36.8 
Mottling 19 100.0 
Emphysema 14 73-7 
Total number of cases 
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Fic. 6. Case vi. N. E. History of anthracite coal 
mining for twenty-five years. Duration of sili- 
cosis six years. Roentgenologic classification of 
condition “S 1,” 


Fic. 7. Case vir. W. K. S. A copper miner for twenty 
years. Duration of silicosis elever years. Roent- 
genologic classification of silicosis “‘S 2.” 


Fic. 8. Case vit. E. T. W. Mining engineer and pros- 
pector for eight years. Duration of silicosis four 
years. Roentgenologic classification “S 3.” 


Fic. 9. Case 1x. H. L. P. Patient gives a history of 
hard rock mining for three years. Duration of 
silicosis seven years. Roentgenogram shows evi- 
dence of fine discrete nodulation and a suggestion 
of an infectious process in the left perihilar region. 
Roentgenologic classification of disease “S 1 and 
Infection.” 


4 
j 
e 
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Fic. 10. Case x. A. P. History of anthracite coal 


mining for twenty years. Duration of silicosis 
eighteen years. Roentgenogram shows extensive 
fibronodular infiltration with an associated infec- 
tious process. Roentgenologic classification “S 2 
and Infection.” 


Fic. 11, Case x1. J. M. History of gold, silver and 


copper mining for thirty years. Duration of silicot- 
ic disease eight years. There is an extensive gen- 
eralized nodulation also an infectious process 
characterized by bilateral adhesive pleuritis. 
Roentgenologic classification “S 3 and Infection.” 
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Fic. 12. Case x11. L. P. History of metal mining and 
work in coal mines for six years. Duration of sili- 

cosis unknown. There is generalized discrete nodu- 
lation also evidence of tuberculosis in right apex. 
Roentgenologic classification “S 1 and Tuberculo- 
” 

sis. 


Fic. 13. Case xu. J. P. History of silver mining for 


eleven years. Duration of disease approximately 
twelve years. Roentgenogram shows extensive 
diffuse coarse nodulation also tuberculosis in both 
apices. Roentgenologic classification “S 2 and 
Tuberculosis.” 
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Table tv shows the most frequent roent- 
gen findings in silicosis complicated by 
tuberculosis. There are two combinations of 
these two diseases. One is known as silicosis 
with tuberculosis and the other silicotuber- 
culosis. The differences have already been 
referred to. In 71 cases of silicosis with tu- 
berculosis, the most frequent roentgen 
findings were fuzziness and haziness of the 
outline of the silicotic nodules, fibrosis, 
caseation, mottling, emphysema, pleurisy 
and cavitation (Figs. 12, 13 and 14). 

In 26 cases of silicotuberculosis the most 
frequent roentgen findings were fuzziness 
and haziness of the outline of the silicotic 
nodules, fibrosis, mottling, caseation, em- 
physema, pleurisy and cavitation. It is 
noted that there is a greater incidence of 
pleuritic involvement in silicotuberculosis 
than in silicosis with tuberculosis (Fig. 15). 

The various combinations of roentgen 


Fic. 14. Case xiv. D. G. Mc. History of pneumatic 
rock drilling for ten years. Duration of disease 
seven years. Roentgenogram shows evidence of 
generalized nodulation plus tuberculosis especially 
in the right upper lobe. Roentgenologic classifica- 
tion “S 3 and Tuberculosis.” 
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Fic. 15. Case xv. F. S. History of coal mining for 
nine years. Duration of disease unknown. Roent- 
genogram shows extensive fibronodular infiltra- 
tion and tuberculosis. Calcified pleuritis in left 
lower chest. Roentgenologic classification “‘Silico- 
tuberculosis.” 


findings, both in silicosis with tuberculosis 
and in silicotuberculosis may also be seen 
by referring to Table 1v. This table shows 
the incidence of each combination of roent- 
gen findings in the two clinical types under 
consideration. 


ROENTGEN DIAGNOSIS OF EMPHYSEMA 


The most reliable diagnosis of emphy- 
sema as stated in the ‘““Normal Chest Com- 
mittee Report” should be based upon ob- 
servations of lateral roentgenograms of the 
chest. The great increase in lung structure 
between the anterior cardiac border and 
the anterior chest wall is due to hyperaera- 
tion of the lingual tip of the left upper 
lobe, and the right upper lobe. In addition 
to this there is a considerable increase pos- 
teriorly in the cardiospinal space repre- 
sented by the lung tissue of the lower lobes. 
In the emphysematous chest there is apt 
to be a forward bowing of the anterior 
chest wall and a marked posterior curve of 
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Tasce IV 
ROENTGEN FINDINGS IN SILICOSIS COMPLICATED BY TUBERCULOSIS 


Roentgen Evidence 


Fuzziness haziness of outline of the 71 


Fibrosis 
Caseation 
Mottling 
Emphysema 
Pleurisy 
Cavitation 


Combinations: 


Fuzziness of nodules, mottling, caseation and fibrosis 
Fuzziness of nodules, mottling, caseation, fibrosis and pleurisy 
Fuzziness of nodules, mottling, caseation, fibrosis, cavitation and pleurisy 


Fuzziness of nodules, caseation and fibrosis 


Fuzziness of nodules, mottling, caseation, fibrosis and cavitation 


Fuzziness of nodules, mottling, and fibrosis 


Fuzziness of nodules, mottling, fibrosis, cavitation and pleurisy 
Fuzziness of nodules, caseation, fibrosis, cavitation and pleurisy 


Fuzziness of nodules and fibrosis 


Fuzziness of nodules, mottling, caseation and cavitation 


Fuzziness of nodules, mottling, fibrosis and pleurisy 


Fuzziness of nodules, caseation, fibrosis and pleurisy 


Fuzziness of nodules, fibrosis and pleurisy 


the spine which tends to increase the lung 
space in front of, and behind the heart. 

Increased radiability of the lung fields 
is the rule in advanced emphysema but it 
should not be the sole reliance in making a 
diagnosis of this disease. Depressed dia- 
phragm domes, while common in emphy- 
sema, are not a reliable diagnostic indica- 
tion of the disease. 


DIFFERENTIAL ROENTGEN DIAGNOSIS 
OF SILICOSIS COMPLICATED BY 
TUBERCULOSIS 


In massive silicotic lesions without infec- 
tion the appearance on the roentgenogram 
is one of fibrosis. If there is a superimposed 
infection the lesion is more homogeneous. 
Furthermore, occasionally there is calcium 
formation, and even cavitation which may 
also be regarded as evidence of an infec- 
tious process. 

It may become necessary to differentiate 


Fuzziness of nodules, caseation, fibrosis and cavitation 


Silicosis with Silicotuber- 


Tuberculosis 


culosis 
(71 cases) (26 cases) 
Per Per 
No. Cent No. Cent 
7 100 26 100 
70 99 26 100 
63 89g 24 g2 
60 85 25 96 
43 61 20 77 
28 39 16 62 
17 2 10 38 
30 43 2 8 
12 17 12 46 
9 13 15 
5 7 
3 5 19 
2 3 4 8 
2 3 ° ° 
2 3 fe) 
2 3 fe) ° 
I I 
1 I ° 
I I 
I I 
° I 4 


the conglomerate form of simple silicosis 
from silicotuberculosis. This is at times dif- 
ficult. In silicotuberculosis the infectious 
process is active and continues to progress 
at a very slow rate; serial roentgen ex- 
aminations over a period of time should 
demonstrate some change in the character 
of the lesions. The site of the lesion may be 
helpful, especially if it is located in the 
subapical region. However, middle lung 
chronic tuberculosis is common in silicosis. 
At times, it will be necessary to make re- 
peated examinations and careful clinical 
and bacterial studies to determine whether 
or not silicotuberculosis is present or 


whether the case is one of conglomerate 
silicosis. In the latter the roentgen changes 
are very slow as compared with the more 
rapid roentgen changes observed in silico- 
tuberculosis on serial roentgenograms. 

At times it is necessary to differentiate 
silicotuberculosis from silicosis with tuber- 
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culosis. At such times dependence may 
have to be placed upon the roentgenogram 
for differentiation. This is not always 
simple. Serial roentgen studies may assist 
in arriving at a correct diagnosis. 

Characteristic of silicotuberculosis is the 
difficulty experienced in differentiating the 
shadows of silicosis from those of tubercu- 
losis upon the roentgenogram; in other 
words, there is an intermingling of the dis- 
ease processes on the roentgenograms so 
that one is unable to say which consti- 
tutes tuberculosis and which silicosis. The 
roentgen shadows of silicosis with tuber- 
culosis show a clear differentiation between 
the tuberculous process and that due to 
silicosis. 

In the diagnosis of miliary tuberculosis, 
Sampson! states that serial films show evi- 
dence of a rather rapid change that does 
not occur in silicosis. Furthermore, pure 
forms of miliary tuberculosis are generally 
found in young persons, and the age of the 
subject can be deduced from the film. 
Based purely on the character of the shad- 
ows, most miliary tubercles are sur- 
rounded by a zone of collateral inflamma- 
tion that is lacking in the case of silicotic 
nodules. The rarer cases of proliferative 
types of miliary disease offer more difficulty 
in diagnosis. In adults there is almost al- 
ways evidence of preexisting parenchymal 
disease in the upper portion of the lungs. 

In bronchogenic-aspiration tuberculosis, 
the mottled shadows are distinctly uneven 
in their distribution, being more prominent 
at the apex of the lung. Sampson! states 
that the pattern is not that of uniform 
nodulation,—it is a blotchy one and there 
is usually evidence of localized stringy or 
linear fibrosis of old tuberculosis. Fre- 
quently there is difficulty in differentiating 
between this form of tuberculosis and sili- 
cosis so that serial studies may have to be 
resorted to in arriving at a correct diagno- 
sis. 

DISCUSSION 

In the present study an effort was made 
to classify the roentgen findings of a group 
of veterans who had been hospitalized in 
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the Veterans’ Administration for various 
types of silicosis. The classification used 
was that of Sampson of Saranac Lake, 
N. Y. As the roentgen study of these cases 
of silicosis progressed, it was observed that 
there was a paucity of information regard- 
ing the occupational history of the individ- 
ual patients. In many instances short ref- 
erences were made to a single occupation 
of the silicotic veteran without indicating 
the other occupations in which he might 
have been engaged, the hours of employ- 
ment, the concentration of the dust par- 
ticles, and other points necessary to estab- 
lish a diagnosis of silicosis. 

Many of the patients worked in silicious 
occupations for a short time—a period too 
brief to have been instrumental in causing 
silicosis—but, because of the reference of 
the patient to this occupational experience, 
the physician classified the case as one of 
silicosis in view of the fact that the roent- 
gen findings were suggestive of this disease. 

In many instances the roentgen findings, 
while suggestive of silicosis, proved to be 
cases of pulmonary infection either tuber- 
culous or nontuberculous after a careful 
study was made of the clinical data, the 
physical findings, occupational history, and 
the roentgenographic densities. 

All in all, the inference drawn from a 
careful study of this material is that the 
essential requirement in making a diagno- 
sis of silicosis is the correlation of the clini- 
cal history, physical findings, a detailed 
occupational history, and the roentgen 
findings. It is unsafe to depend upon any 
of these data singly; they must be corre- 
lated and a decision reached only after a 
careful study is made of all of the data 
available in each case. 

The inhalation of silica dust produces 
certain roentgen changes characterized by 
an accentuation of the linear markings of 
the lungs. Such changes are not specific for 
silicosis inasmuch as they are also found in 
subjects who give a history of inhaling 
nonsilicious dusts such as coal dust and 
certain of the organic dusts. Inflammatory 
processes, infections of various kinds, and 
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abnormal circulatory states, may also pro- 
duce roentgen densities which simulate the 
preliminary roentgen changes found in the 
early stages of silicosis, namely accentu- 
ated linear markings. It is only when fibrot- 
ic nodulations are found in the paren- 
chyma and are present on the roentgeno- 
grams, and there is a history of employ- 
ment in a silicious occupation, together 
with evidence of clinical and physical signs 
of silicosis, that one is justified in arriving 
at a diagnosis of this disease. 


SUMMARY 


(1) The roentgenologic classification of 
silicotic disease in a group of veterans ac- 
cording to the terminology of Sampson 
showed that 29.9 per cent were classified 
as first, second or third degree silicosis; 11.4 
per cent were classified as silicosis with 
nontuberculous infection; 42.5 per cent 
were cases of silicosis with tuberculosis; 
15.6 per cent were cases of silicotuberculo- 
sis; and one case was diagnosed as asbesto- 
sis. 

(2) The most frequent roentgen findings 
in uncomplicated silicosis were accentua- 
tion of the linear markings, and beading 
along the course of the linear markings; dis- 
crete nodule formation was next in fre- 
quency; and widening of the mediastinum 
came next. 

(3) Emphysema was present in 42 per 

cent of a group of cases of uncomplicated 
silicosis; it was more frequent in first degree 
than in second degree silicosis; emphysema 
was present in 73.7 per cent of a group of 
cases of silicosis with infection; in 61 per 
cent of a group of cases of silicosis with 
tuberculosis; and in 77 per cent of a group 
of cases of silicotuberculosis. 

(4) The most common roentgen findings 
in silicosis with infection in the order of 
frequency were: mottling, widening of the 
mediastinum, diffuse haze or shadow ex- 
tending inward from the lateral pleura of 
the midportion of the lungs, prominence 
of the linear markings, beading along the 
course of the linear markings, emphysema, 
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discrete nodule formation and a combina- 

tion of discrete and confluent nodule for- 

mation. 

(5) In silicosis with tuberculosis the 
most frequent roentgen findings were: fuz- 
ziness and haziness of the outline of the 
silicotic nodules, fibrosis, caseation, mot- 
tling, emphysema, pleurisy and cavitation. 

(6) In silicotuberculosis the most fre- 
quent roentgen findings were fuzziness and 
haziness of the outline of the silicotic nod- 
ules, fibrosis, mottling, caseation, em- 
physema, pleurisy and cavitation. 

(7) Silicosis is frequently diagnosed with 
difficulty when emphysema is a coexisting 
condition. Due to its presence certain of 
the roentgen signs diagnostic of silicosis 
may become obscured. 

(8) The most dependable roentgen tech- 
nique for the diagnosis of emphysema is 
the taking of lateral chest roentgenograms; 
there is an increase of the anterior cardiac 
lung space as well as an increase of the 
cardiospinal space. While increased radia- 
bility of the lung fields is the rule in ad- 
vanced emphysema, it should not be the 
sole reliance in making a diagnosis of em- 
physema, nor should depressed diaphragm 
domes be considered the sole diagnostic 
criterion of emphysema. 

The study was planned and conducted with the 
cooperation of Drs. H. L. Sampson and Leroy U. 
Gardner of Saranac Lake, N. Y. and Dr. H. B. Wil- 
liams of Veterans’ Administration Facility, Sun- 
mount, N. Y. Assisting in the study were a number 
of physicians of the Veterans’ Administration. Tech- 
nical assistance was rendered by E. K. Stone and A. 
Bambery, of the Research Subdivision. To all who 
cooperated and assisted in this study, the author is 
extremely grateful. 
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BILATERAL PLEURAL COLLECTIONS OF FLUID* 


By J. S. PACKARD, M.D. 


ALLENWOOD, PENNSYLVANIA 


and 


BURGESS GORDON, M.D. 


PHILADELPHIA, PENNSYLVANIA 


i IS recognized generally that accumu- 
lations of fluid in the pleural cavity are 
due to a wide variety of causes. Striking 
differences in composition and behavicr 
have led to the classification: (a) transu- 
dates (hydrothorax), non-inflammatory in 
type, and (b) exudates (effusion), inflam- 
matory in origin. 

The most common cause of transudates 
is cardiorenal disease. A few cases are asso- 
ciated with severe anemias, new-growth of 
the pleura, and obstruction to the azygos 
veins resulting from pressure as in medias- 
tinal or pulmonary neoplasm, or from in- 
ternal causes such as thrombosis. In renal 
disease the transudates are almost always 
bilateral, but in heart conditions the right 
side is more commonly affected. There is 
apparently no reference in the literature 
suggesting that twisting or shifting of the 
mediastinum is a cause. The characteristic 
laboratory findings are a clear, pale yellow- 
ish fluid which does not clot after removal, 
with specific gravity of I.o15 to 1.010 or 
less and containing only a few cells; the 
protein is I per cent or lower, except in 
cases of local obstruction when the content 
may be as high as 3 per cent. The fluid is 
usually blood stained in pleural new- 
growth. 

Exudative effusions are often related to 
an underlying tuberculous pleurisy and 
may appear as complications of artificial 
pneumothorax treatments; in some cases 
the etiology is entirely obscure. Rheumatic 
fever, nonspecific pulmonary infections and 
cancer of the pleura are rare causes. In 
comparison with bilateral transudates the 
incidence of bilateral effusions is low, as 
illustrated in the figures at Devitt’s Camp 


where only one bilateral case (pleural endo- 
thelioma) was noted. Fever is not uncom- 
mon. The fluid varies in color from pale 
greenish yellow to light brown, the specific 
gravity is 1.018 or more, the protein being 
as a rule over 4 per cent. Blood is found in 
the tuberculous type with the rupture of 
newly formed vessels and superficial tuber- 
cles, and in cancerous pleurisy. The fluid 
usually clots spontaneously after removal. 

That the composition of fluids may vary 
under certain conditions is suggested in the 
effusions that complicate artificial pneu- 
mothorax. After continuing the collapse 
therapy in these cases for two or three 
years it is sometimes desirable to stop the 
treatments and thus encourage expansion 
of the lung. A common practice in delayed 
cases is to induce high negative intrapleural 
pressures with the idea that the lung will 
be drawn to the chest wall. Red blood cells, 
a tendency of the fluid to clot, and other 
features of transudates appear, suggesting 
that fluids have been sucked from the tis- 
sues into the pleural cavity. It is interest- 
ing that the fluid again assumes the typical 
characteristics of an exudate as the intra- 
pleural pressure returns to normal limits. 
Evidently the phenomenon is essentially 
one of dilution, the transudation being a 
fleeting response to suction, the factors 
responsible for the exudate continuing and 
gradually becoming prominent as_ the 
transudate subsides. 

The simultaneous occurrence of a transu- 
date on one side and exudate on the other 
is rare. Three such cases were discovered in 
a series of 228 patients with pleural effu- 
sions admitted to the Chest Department 
of the Jefferson Hospital during the past 


* From Devitt’s Camp, Allenwood, Penna., and the Department for Diseases of the Chest, Jefferson Hospital, Philadelphia. Read 
before the Conference of Eastern Radiologists, Philadelphia, January 28-29, 1938, and with additional data at the 25th Anniversary 


of the Peter Bent Brigham Hospital, Boston, Mass., May 5, 1938. 
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Fic. t. Roentgenogram of a case receiving artificial 
pneumothorax on the left side with complicating 
pleural effusion and basal adhesions. Following an 
attempt to re-expand the left lung by means of 
high negative intrapleural pressures, shifting of 
the mediastinum to the left and hydrothorax of 
the right pleural cavity occurred (John T. Farrell, 


Jr.). 


fourteen years. They had been receiving 
artificial pneumothorax treatments for uni- 
lateral tuberculosis, the effusions having 
developed as a complication on the treated 
side; the transudates occurred subse- 
quently in the opposite pleural cavity, two 
without apparent cause. 

The possible mechanism in one patient 
is discussed in the present paper. 


The patient was a young woman, aged thirty- 
two, with a history of long-standing unilateral 
pleural effusion of unknown eticiogy on the 
left side which followed an operation for 
strangulation of the bowel. Artificial pneumo- 
thorax had been instituted primarily as a means 
to control the fluid. After continuing the treat- 
ments for two years without any favorable 
effect three attempts were made to re-expand 
the lung by inducing a negative intrapleural 
pressure of about —20 with the view that 
apposition of the pleural surfaces might check 
the formation of fluid. Each attempt was fol- 
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lowed immediately by severe pain in the central 
part of the chest, dyspnea, cyanosis, hernia of 
the mediastinum, shifting of the trachea to the 
left side, paradoxical movements of the dia- 
phragm and on one occasion signs of shock. 
After the third attempt to induce a high 
negative intrapleural pressure a hemorrhagic 
fluid, transudative in type developed in the 
right or untreated side (Fig. 1). During the 
course of three to four weeks the rate of accu- 
mulations became: transudate on the right side, 
approximately 500 cc. weekly, exudate on the 
left side 1,500 cc. every ten days; the trans- 
udate always contained gross blood. While the 
maximum accumulations caused extreme short- 
ness of breath, the removal of any considerable 
amount from one side or both sides, simul- 
taneously or at intervals, did not necessarily 
relieve the symptoms. Actually the removal of 
even a small amount of fluid, especially on the 
left side, led to curious and sometimes severe 
reactions, dyspnea and weakness being the 
most common (Fig. 2). Then it became evident 
in a series of pressure estimations that within 


Fic. 2. Roentgenogram made of same case during 
formation of the transudate on the right side and 
the continued effusion on the left; accompanying 
the paradoxical movements of the diaphragm and 
displacement phenomena were marked dyspnea 
and cyanosis, aggravated by the removal of small 


amounts of fluid (John T. Farrell, Jr.). 


“a4 
56 
40 4°25 
| 
4 
‘ 
| 


40, No. 6 


certain limits the degree of intrapleural pres- 
sures was more important in the relief of symp- 
toms than the amount of fluid withdrawn. As, 
for example, with a negative pressure on the 
left side of —15 to —22 the manifestations 
were increased and conversely when the pres- 
sure was reduced to —5§ to —7 breathing was 
greatly improved and the phenomena of shift- 
ing mediastinal structures and the paradoxical 
movements of the diaphragm were lessened. It 
was interesting that the high negative pressures 
tended to become higher, even with the accu- 
mulation of fluid which theoretically should 
have caused the pressures to approach positive 
by reason of the phenomena of displacement 
and compression, while the lower pressures 
tended to remain within normal limits. This 
suggested that the pumping action of the dia- 
phragm, especially at low levels and while 
moving paradoxically, was a factor in generat- 
ing a negative pressure. 

Following the studies on intrapleural pres- 
sure, bilateral artificial pneumothorax was in- 
stituted permanently in connection with regu- 
lar thoracentesis in order to equalize the pres- 
sures and the movements of the diaphragm. 
The position and functicn of the mediastinum 
and diaphragm were checked closely by roent- 
genograms and roentgenoscopy. It became evi- 
dent that when sufficient air was introduced to 
maintain the intrapleural pressures on both 
sides at —2 to —S§ the formation of fluid was 
lessened, breathing was facilitated, paradoxical 
movements of the diaphragm were prevented 
and the formation of fluid and the number of 
red blood cells reduced (Fig. 3). 

In attempting to obtain information on the 
etiology of the pleural effusion a thoracoscopic 
examination was performed by Dr. George 
Willauer on the left side. This showed areas of 
redness not unlike tubercles or new-growth; 
cultural studies of the fluid were negative for 
tubercle bacilli. The carefully controlled thora- 
centesis and. artificial pneumothorax treat- 
ments, as mentioned above, were continued for 
about two months, with freedom from serious 
symptoms and a marked reduction in the for- 
mation of fluid. Suddenly a severe pain de- 
veloped in the right lower quadrant of the ab- 
domen, in the same region that had been ex- 
plored two years before. The patient was 
operated upon with the discovery of a cystic 
adenoma of the right ovary. She died three 
days later and at autopsy metastatic nodules 
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Fic. 3. Roentgenogram of the same case showing 
collapse of both lungs, equalized excursions of the 
diaphragm, low levels of fluid with low negative 
pressures, while the patient became comparatively 
free from symptoms (John T. Farrell, Jr.). 


in the mesentery were found, the left lung was 
bound by adhesions and a greatly thickened 
pleura. The pleural surfaces showed the fea- 
tures of new-growth. 


While the etiology of the case is interest- 
ing and undoubtedly a factor in creating 
the background for the transudate in the 
right pleural cavity, the mechanism was es- 
sentially physiological. It appears that 
pulling and rotating of the mediastinum 
were caused by the artificially induced high 
negative intrapleural pressure on the left 
side. As a result blood and fluid were 
sucked from the fine capillaries, areas of 
new-growth beneath the pleura and other 
tissues into the right pleural cavity; the 
degree of sucking was illustrated by the 
herniation of the mediastinum. Undoubt- 
edly the pumping action of the paradoxi- 
cally moving diaphragm as a secondary 
mechanism was largely responsible for ag- 
gravating the mediastinal condition. Thus, 
it would seem that the greatest care should 
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be taken in expanding forcefully any lung 
that has been contracted for a long period 
of time because of the possible influence 
on the opposite pleural cavity. With uncer- 
tain or serious reactions, it is advisable to 
allow the pleural adhesions and the normal! 
intrathoracic pressures to draw the lung 
to the chest wall; in rare cases it may be 
necessary or preferable to employ some 
form of thoracic collapse in order to bring 
the pleural surfaces into apposition. In the 
management of bilateral collections of fluid 
the principles of hydro- and aerodynamics 
are important. The combination of pneu- 
mothorax and thoracentesis seems desir- 
able. The introductions of air should be 
given in sufficient amounts to maintain 
normal intrapleural pressures and dia- 
phragmatic function. The case emphasizes 


the value of frequent roentgenographic ob- 
servations. 


CONCLUSIONS 


(1) Studies suggest that high negative 
intrapleural pressures, as induced by suc- 
tion, cause displacement phenomena of the 
mediastinum and disturbances in diaphrag- 
matic function. 

(2) The mechanism favors the develop- 
ment of a transudate in the opposite pleural 
cavity. 

(3) Clinical features are noted. 

(4) The value of readjusting the intra- 
pleural pressures under roentgenographic 
guidance is emphasized. 

We wish to thank Drs. William Devitt, George 


Willauer and John T. Farrell, Jr., for their valuable 
assistance in the study. 
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ROENTGENOLOGICAL MANIFESTATIONS 
OF EMPHYSEMA 
WITH SPECIAL REFERENCE TO LIPIODOL INJECTION* 
By JAMES O’DONOGHUE, M.D. 


ST. LOUIS, MISSOURI 


LTHOUGH much has been written on 
the subject of emphysema, very few 
roentgenological findings characteristic of 
the disease have been described. Only in 
typical far-advanced, barrel-chested indi- 
viduals is the diagnosis ordinarily made on 
the clinical evidences of the disease. This 
point is well illustrated in a study of 66 
cases of emphysema made by Kountz, 
Alexander and Dowell’ in which all of the 
patients at one time or another had been 
treated for heart trouble. Although the 
roentgenological manifestations have been 
helpful in the study of the disease, none 
other than those seen following injection 
of lipiodol have been constant or pathogno- 
monic. Even when correlated with one an- 
other and with the clinical picture, a defi- 
nite diagnosis is frequently impossible. By 
the use of intratracheal injection of lipiodol 
it is possible to clearly demonstrate definite 
evidence of alveolar disorganization, un- 
usual distention of the terminal vesicular 
structure and alteration in the function, 
in patients with emphysema. After further 
experience with this method we believe it 
will be possible, by correlation with the 
clinical symptoms, to detect emphysema 
in a much greater percentage of cases. 
The term emphysema in its broad sense 
denotes any condition in which there is un- 
usual distention of the pulmonary alveoli 
with air; this may be local or general and 
does not necessarily imply permanent in- 
jury to the alveolar structure. For example, 
acute emphysema, compensatory emphy- 
sema, and obstructive emphysema are not 
attended by permanent lung changes. 
When the term is used to designate em- 
physema, it is usually understood to indi- 
cate chronic substantive or hypertrophic 
emphysema in which there is actual per- 
manent injury to the alveolar structure. 


* From the Department of Radiology, St. Louis City Hospital, St. Louis, Mo. 
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In chronic substantive or hypertrophic 
emphysema there is a rupture of the alveo- 
lar walls and an irreparable distention of 
the alveoli generally, though not. uni- 
formly, distributed throughout the lung. 
The other types of emphysema are not at- 
tended by permanent damage to the lung 
structure. 

Acute emphysema is characterized by 
generalized distention and occurs following 
rapid deep breathing from violent exercise, 
such as lifting or blowing, in which there 
is rapid return to normal following the re- 
moval of the cause. There is merely an in- 
crease in the residual air and no permanent 
damage to the lung structure. 

By compensatory emphysema is meant 
the overdistention of a part of a lung due 
to disease obliterating the function of an- 
other portion. It occurs in the same lung 
as a result of atelectasis, or an inflamma- 
tory process destroying the function of a 
portion of a lung, and in the opposite lung 
where one lung is compressed or destroyed 
or its respiratory function diminished. This 
type is temporary and does not result in 
permanent damage to the tissue. 

Obstructive emphysema \ikewise results 
in overdistention of the unobstructed por- 
tion of the lung but does not produce 
permanent damage. On relief of the ob- 
struction the alveolar structure promptly 
returns to normal. 

Senile emphysema is part of an atrophic 
change that occurs throughout the body 
with advancing years. The alveolar walls 
become thin, they often rupture and the 
lungs lose their elasticity. In contrast to 
true emphysema, the lungs are usually 
small and .ontracted. 

Kountz and Alexander have attempted 
to classify emphysema into two distinct 
groups in order to simplify the confusion 
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regarding this condition. They have di- 
vided their cases into those which have 
true emphysema (substantive, as repre- 
sented by permanently distended lungs 
with ruptured alveoli) and those in which 
the inspiratory position of the thorax is 
assumed. The former had constant symp- 
toms of the disease, reduced vital capacity, 
impaired oxygen saturation of the arterial 
blood and elevation of the intrapleural 
pressure. The latter cases had no constant 
symptoms, normal vital capacity, the 
diaphragm was in normal position and 
showed normal excursion, the oxygen 
saturation of the arterial blood was within 
normal limits. 

This paper will be limited to the substan- 
tive type of emphysema, in which there is 
actual lung damage. After the alveolar 
structure has undergone structural changes, 
very little if anything can be accomplished 
to restore its normal function; therefore 
early diagnosis before the onset of severe 
symptoms is urgent. Most textbooks state 
that the diagnosis of emphysema should be 
made without difficulty by ordinary physi- 
cal examination. This is true in the far- 
advanced typical cases but not in the early 
stages of the disease. The symptoms of 
emphysema, for instance, may closely re- 
semble those of heart disease. Kerley e¢ a/. 
quote R. Cabot as saying that only by 
roentgen examination is it possible to diag- 
nose emphysema in vivo. 

The following roentgenological manifes- 
tations have been described in the litera- 
ture, and are briefly reviewed: 

(1) General increased brilliancy of the 
lung fields. Lack of change of radio- 
lucency of the lungs during respira- 
tion. Normally during inspiration, 
the fluoroscopic screen lights up 
while during expiration it becomes 
darkened. In emphysema there is 
often no demonstrable change in the 
brilliancy during inspiration or ex- 
piration. Frequently at the end of 
expiration in emphysema, the bases 
of the lungs fail to be darkened 
as they do in normal persons. 
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Low, flattened diaphragm often 
scalloped or “‘tented” in appearance, 
due either to the downward balloon- 
ing of the lungs, the uniform expan- 
sion of which is prevented by the less 
pliable and less elastic bronchial 
tissue, or to adhesions of the pleura 
at the diaphragm. 

Increased space between the heart 
and the sternum (lateral position) 
which remains essentially unaltered 
during expiration and inspiration. 
Increase in the prominence of pul- 
monary markings of the peripheral 
lung zone, forming a network which 
extends to the pleural surface. 
Relative or absolute increase in the 
thickness and density of the larger 
vessels toward the root of the lungs. 
Impression of smallness of the car- 
diac shadow due to the increase in 
the width of the chest. 

Transverse diameter of the chest 
in the left anterior oblique (45°) 
film often actually is greater than 
the transverse diameter of the pos- 
teroanterior film at the same level. 
Scalloped or ballooned out appear- 
ance of the soft tissues in the inter- 
costal spaces when the chest is 
visualized in an oblique view. 
Flaring of the ribs with tendency 
to form a more obtuse angle in- 
feriorly at the costovertebral junc- 
tion. 

Increase in the width of the inter- 
costal spaces. 

An abnormal enlargement of the 
lower thoracic cage. 

Annular shadows forming areas of 
radiolucency in various parts of the 
lungs. 

Hypertrophy of the pectoralis mus- 
cle may cause a loss of translucency 
across the middle lung fields. The 
scaleni muscles also may hyper- 
trophy and cause apparent loss of 
translucency of the apices. 

A roentgenological comparison of 
the cubicle measurements of the 
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chest at the height of inspiration 
and expiration. This has been de- 
scribed by Fray.* Double exposure 
films are taken at the height of in- 
spiration and expiration to obtain 
an index of the degree of impair- 
ment of pulmonary ventilation and 
the changes of vital capacity in 
emphysema. A high degree of corre- 
lation of findings is claimed by the 
authors when the roentgenological 
chest volume at maximum inspira- 
tion is compared with the vital 
capacity. 

Changes seen following intratrache- 
al injection of lipiodol. 

Three important pathological changes 
are seen in substantive emphysema: (1) 
great distention of the alveoli; (2) atrophy 
and rupture of the alveoli walls; (3) oblit- 
eration of numerous capillaries. When lungs 
are permanently distended, they fail to col- 
lapse even when the chest is open. Over 
the surface of the pleura, thin-walled blebs 
are seen and throughout the lung substance 
bullae may be present. These represent lo- 
calized air pockets on the surface or within 
the lung substance. These changes for the 
most part can be clearly visualized fol- 
lowing intratracheal injection of the lipi- 


(15) 


Fic. 1. Normal bronchogram, 
thirty minutes after instillation 
of lipiodol. 
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odol.?:*.8 It is well known that in the nor- 
mal lung, iodized oil, obeying the law of 
gravity, fills all the bronchioles supplied by 
the injected bronchus. After a short inter- 
val (five to ten minutes) the oil enters the 
terminal air sacs, producing in the roent- 
genogram the appearance of a branch of a 
tree at full bloom (Fig. 1). Further exam- 
ination several hours later reveals the pres- 
ence of a major portion of the oil to be still 
evenly distributed throughout the alveolar 
structure. 

In those patients who have permanent 
distention and disorganization or destruc- 
tion the appearance is different. When first 
injected the bronchi appear spread out, 
barren and widely separated from one an- 
other (Figs. 24 and 34). They are some- 
times curved or bent due to pressure from 
neighboring bullae. The preterminal bron- 
chioles often completely fail to fill. They 
may end abruptly, or may extend in more 
or less irregular, narrow pipe-lines to iso- 
lated clusters of normal alveoli which have 
escaped occlusion and disorganization. The 
filling of the alveolar structure may require 
many hours or never occur at all in the 
involved area. Rarely,if ever, has any of the 
oil been seen by us to enter emphysematous 
blebs. The lobules and alveoli, as Kerley 


Fic. 2. 4, bronchogram showing emphysema, five minutes follow- 
ing instillation of lipiodol; B, same patient, twenty-four hours 
after instillation of lipiodol. 
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Fic. 3. 4, bronchogram of patient with emphysema, five minutes after instillation of lipiodol; B, same 
patient, one hour after instillation of lipiodol; C, same patient, seventy-two hours after instillation_of 


lipiodol. 


says, are conspicuous by their absence. 
Further examination of these cases sev- 
eral hours following the instillation of the 
opaque medium (Figs. 2B and 3B) reveals 
more strikingly the scantily filled alveoli 
with large intervening areas of alveolar dis- 
organization or distention. In the normal 
individual, oil remains for months in the 
alveolar structure. In the emphysematous 
patient most of the oil is expelled by cough- 
ing within an hour or so. The difference be- 
tween the normal and the emphysematous 
lung, after the oil is coughed up, is quite 
striking. There is now an irregular and 
scattered distribution of the oil-filled alve- 
oli with large areas of alveolar disorganiza- 
tion or occlusion intervening. The end- 
result is not the appearance of a tree at full 
bloom but that of tattered and torn foliage, 
which has been largely stripped of its 
leaves. These manifestations illustrate well 
the evidence of the pathological process. 
They demonstrate roughly the amount of 
dead air space present and the degree of 
functioning alveolar tissue involved. 


CONCLUSIONS 


1. The early diagnosis of emphysema is 
often overlooked both clinically and roent- 
genologically. 


2. The diagnosis may be made only by 
correlating the clinical with the roentgeno- 
logical manifestations. 

3. The changes seen in emphysematous 
lungs following the instillation of opaque 
oil have, in our experience, been the most 
characteristic and dependable of all the 
roentgenological signs. 
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FRACTURES OF THE ATLAS RESULTING FROM 
AUTOMOBILE ACCIDENTS 
A SURVEY OF THE LITERATURE AND REPORT OF SIX CASES* 
By H. F. PLAUT, M.D. 


CINCINNATI, OHIO 


RACTURES of the atlas are rarely seen 

by the roentgenologist; however, a series 
of observations within the last few years 
points to meeting this injury more fre- 
quently now. Previously, fractures of the 
atlas have been reported in longshoremen 
and from gymnasiums and rural districts 
as a result of headlong falls on soft ground. 
Present day traffic hazards enhance the in- 
cidence of this lesion in occupants of auto- 
mobiles. The atlas is not easily injured by 
direct violence, as it is well protected by 
the adjacent bony structures and is deeply 
imbedded in the surrounding soft tissues. 
The mechanical forces acting on skull and 
spine of the victims of automobile accidents 
are apt to produce atlas fractures indirect- 
ly, as will be demonstrated later. 


ANATOMY 


As the first of the cervical vertebrae, the 
atlas is the carrier of the head and assumes 
a singular rdle embryologically as well as 
anatomically and functionally. It consists 
of a somewhat stronger anterior and a thin- 
ner posterior arch with the substantial 
lateral masses between them. The masses 
have to bear the weight of the skull with 
their upper articular facets for the occipital 
condyles. The condyles transmit move- 
ments of the skull; however, rotation of the 
skull proper is prevented by means of the 
alar ligaments, so that the head only fol- 
lows the rotation of the atlas. The masses 
articulate with their inferior articular fac- 
ets with the lateral parts of the body of 
the axis (or epistropheus). There is no ver- 
tebral body of the atlas; it is added in early 
embryonic life to the body of the second 
cervical vertebra forming its odontoid proc- 
ess. Instead of a spinous process one finds 
only a small posterior tubercle. The trans- 


verse processes extend far laterally from the 
lateral masses and show a rounded foramen 
for the vertebral artery and vein. The diam- 
eter of the posterior arch is narrowed by 
a groove for this artery which, after its pas- 
sage through the transverse process, turns 
medially in a sharp angle and follows the 
upper surface of the arch before entering 
the occipital foramen magnum. 

When the transverse processes are dis- 
regarded, the atlas has a ring-like shape. 
Its opening for the medulla and spinal cord 
is wider than in any other vertebra. Into 
the ventral (anterior) part of the aperture 
rises the odontoid process of the axis, ar- 
ticulating with the posterior surface of the 
anterior arch of the atlas, where it is held 
in position by the strong transverse liga- 
ment. It is around this pivot that the atlas 
rotates and with it the skull (see Fig. 1). 


OSSIFICATION 


Roentgenograms of infants give an un- 
usual opportunity to observe the formation 
of the lower part of the occiput from three 
primordial segments. These parts unite 
during the first to the fourth year of life, 
and suture lines are still seen in early child- 
hood (sutura mendosa); on account of their 
symmetry one can differentiate them from 
fracture lines. The atlas, therefore, is prop- 
erly the fourth vertebra and only conven- 
tionally called the first. The atlas shows 
three main centers of ossification. The two 
for each lateral mass, extending into the 
posterior arch, are found at birth. During 
the third to fifth year of age they unite 
posteriorly in the midline. The third center 
is formed in the anterior arch about the 
first year of life and unites in the fifth to 
ninth year with the two lateral centers. It 
may be a double one in repetition of the 


* From the Roentgen Department of the Jewish Hospital, Cincinnati, and of the Medical College of Virginia, Richmond, Va. 
Read at the Fifth International Congress of Radiology, Chicago, Ill., Sept. 13-17, 1937. 
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early stage in phylogenesis, when the ver- 
tebra developed from two ventral and two 
dorsal centers around each segment of the 
original chorda. 

Five or more additional centers may be 
found in the apophyses of the vertebra. 


VARIATIONS 


Variations of the first and second verte- 


VERTEBRAL FORAMEN FOR SPINAL — 
TRANSVERSE FORAMEN FOR 


TRANSVERSE LIGAMENT ~ 
ODONTOID PROCESS OF AXIS “> 
(EPISTROPHEUS)_ _ 
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Other variations are due to underdevel- 
opment or deficient union of the individual 
centers of ossification of the atlas. An au- 
thor who has given this subject his special 
attention found gap formations in 3.1 per 
cent of all his cases. Until the ninth year of 
age the open seams are to be evaluated as 
normal. 

Developmental malformation was the 


7 TROVE FOR VERTEBRAL ARTERY 


~ POSTERIOR TUBERCLE 


™ “ “POSTERIOR ARCH 


LATERAL MASSES WITH FACETS 
FOR OCCIPITAL CONDYLES 


™ TRANSVERSE PROCESS 


Fic. 1. Atlas from above showing wide vertebral foramen and position of odontoid process. 
Zig-zag lines note location of typical fractures. 


brae follow certain rules explained as re- 
capitulation of the phylogenetic process in 
ontogenesis. Formation of an occipital ver- 
tebra and of a lateral or posterior foramen 
atlantoideum, therefore, would mean a re- 
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Fic. 2. Case 1. Fracture of the posterior arch of the 
atlas with slight upward dislocation. 


gressive variation. On the other hand, 
there are progressive variations anticipat- 
ing the further development, such as a fu- 
sion of the atlas with the occiput (occipital- 
ization). 


subject of a previous paper®® and will be 
discussed under differential diagnosis. 


CASE REPORTS 


A glance at Figure 1 shows the weak 
points of the atlas. The following cases will 
demonstrate how this vertebra is fractured 
under certain circumstances almost typi- 
cally. The separation occurs in that por- 
tion of the posterior arch weakened by the 
groove for the vertebral arteries. The 
neighborhood of these vessels and of such 
a vital organ as the medulla makes study 
of injuries to the atlas still more interest- 
ing. 

Case 1. Diagnosis: Fracture of the posterior 
arch of the atlas. 

A girl, aged twenty, was injured in an auto- 
mobile accident the day before admission. Her 
head was struck against the top of the car and 
as a result she suffered from pains in the head 
and neck. She was not unconscious; no bleeding 
from the mouth, nose or ears occurred. Her 
past history is unrelated to the report. 

The neck was very painful to lateral motion 
and flexion. There was tenderness upon palpa- 
tion of the upper cervical spine but no definite 
swelling. Reflexes were normal, no cord symp- 
toms were noted. Roentgen examination re- 
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vealed a fracture gap in the posterior arch near 
the lateral masses with slight upward disloca- 
tion (Fig. 2). 

Treatment (Dr. Zielonka) consisted in shield- 
ing of the neck with sheet wadding, The patient 
was able to leave the hospital improved after 
eleven days. She still had pain on turning her 
head three months later. The patient could not 
be re-examined roentgenologically, but was re- 
ported as recovered, when her physician heard 
from her last, one year after the accident. 


Case 11. Diagnosis: Fracture of the posterior 
arch of the atlas on the left. 

This second patient with isolated fracture of 
the atlas (reported here by courtesy of Dr. S. 
Brown), a housewife, came to the hospital two 
days after an automobile accident. She received 
emergency treatment in another hospital where 
a laceration of her forehead was sutured, and 
she was told that some bones in her neck were 
broken. However, the patient insisted on going 
home, supporting her head with her hands. She 
had been very uncomfortable, having pains in 
the neck when turning; she also had to lift her 
head with her hands when rising from a re- 
cumbent position. 

The patient did not move her head without 
assistance of herfhands. There was tenderness 
over an abrasion and sutured laceration in the 
middle of the forehead, and likewise in the sub- 


Fractures of the Atlas Resulting from Automobile Accidents 


Fic. 4. Case 111. 4, bilateral fracture of posterior arch of 


Fic. 3. Case 1. Left-sided fracture of the posterior 
arch of the atlas, here well visible in spite of 
rotated position, because taken on Potter-Bucky 
diaphragm. 


occipital and upper cervical region in the mid- 
line, but no rigidity. Neurologically no motor 
or sensory disturbances were found. 
Roentgenography revealed a fracture of the 
posterior arch of the atlas on the left without 
displacement, no skull fracture (Fig. 3). 


atlas. Skull roentgenogram taken immediately after 
accident. B, seven and a half months later the frac- 
ture gap is still open, no definite callus formation is 
demonstrable. Note narrowing of intervertebral disc 
between fifth and sixth cervical vertebrae with angu- 
lation of axis of cervical spine indicating fracture of body of the sixth cervical. 
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Fic. 5. Case 1. Anteroposterior view through open 
mouth. The difference between the right and left 
atlanto-axoid joint spaces reveals rotary disloca- 
tion. 


Traction (Dr. J. A. Freiberg) was applied for 
three days; a collar was put on snugly. The 
patient could turn her neck and lift her head 
comfortably. She was discharged improved 
after four days in good condition and did not 
appear for re-examination. 


Case 11. Diagnosis: Bilateral fracture of the 
posterior arch of the atlas. Fracture of the body 
of the sixth cervical vertebra. Fractures of the 
left tenth to twelfth ribs anteriorly. 

A farmer, aged seventy-eight, was admitted 
to the hospital shortly after an automobile acci- 
dent. He complained of pain and stiffness in 
the neck, lacerations of the scalp and other 
lacerations and abrasions. He was dazed but 
not unconscious, did not suffer from nausea or 
vomiting. 

A scalp wound 10 cm. long was seen across 
the forehead with exposure of the galea. The 
wound was bleeding freely; no fracture or de- 
pressions were noted. There was bleeding from 
the nose. The neck was stiff and very painful 
to motion, especially at the junction of occiput 
and cervical spine. The motor power, sensation 
and reflexes of all extremities were equal and 
within normal limits, no signs of spinal cord 
involvement were present. 

Roentgenograms showed a bilateral fracture 
of the posterior arch of the atlas with some 
rotatory dislocation. Compression (fracture) of 
the body of the sixth cervical vertebra with 
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slight angulation of the axial line of the cervical 
spine and considerable narrowing of the inter- 
vertebral space above the injured vertebra were 
noted (Figs. 44 and 5). There was no skull 
fracture, the tenth to twelfth left ribs were 
broken. 

The patient was treated (Dr. C. C. Coleman) 
with bed-rest for three weeks, the head being 
placed between sand-bags. Then a Thomas 
collar was applied and the injured man felt 
comfortable when wearing his collar. He kept 
this collar when discharged after four weeks in 
improved condition. 

On re-examination seven and a half months 
after the accident no callus formation was 
demonstrable in the roentgenogram; the frac- 
ture gap was open. The space between the 
fifth and sixth cervical vertebrae had decreased 
(Fig. 4B). 

Case iv. Diagnosis: Bilateral fracture of the 
posterior arch of the atlas, skull fracture in 
right parietal and base. (Reported by courtesy 
of Dr. H. G. Reineke.) 

A man, aged twenty-three, was brought to 
the hospital by the police. He was found un- 
conscious after having been drinking. The pre- 
vious events are unknown. 

The patient could not be aroused to talk, 
although he did curse on stimulation. He 
vomited, signs of alcoholism were observed. 
Bleeding from the nose, a ragged laceration of 
the scalp, multiple abrasions of the face and 
hands were present. There was a marked 
ecchymosis about the right eye, but no stra- 
bismus. The pupils reacted to light. The cranial 
nerves could not be tested due to lack of co- 
operation. No convulsions were noted. The 
spinal fluid was bloody and Wassermann re- 
action three plus; Kahn test three plus. There 
was an extremely tender area over the occiput 
without palpable depression and extreme ten- 
derness over the spines of the third, fourth and 
fifth cervical vertebrae and marked limitation 
of motion. 

Roentgen examination demonstrated a right 
parietal skull fracture extending into the base 
and, in addition, right vertical and left oblique 
fracture of the posterior arch of the atlas with 
slight craniad displacement of the posterior 
fragment (Fig. 6). 

Treatment (Dr. John A. Caldwell): The scalp 
was debrided and sutured, antitetanus serum 
was given. The patient soon regained conscious- 
ness, improved gradually. He had severe head- 
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aches but was discharged after two weeks. Six 
weeks after the injury the headaches had dis- 
appeared, slight dizziness was still present. The 
patient did not come for re-examination. 


Case v. Diagnosis: Fracture of the anterior 
arch of the atlas (anomaly: posterior and 
lateral atlantoid foramen). 

A man, aged thirty-nine, was injured in an 
automobile accident. He was immediately ad- 
mitted to the Boone County Hospital and 
examined roentgenologically. He complained of 
severe pain in the suboccipital region. There 
was marked rigidity in the neck. The patient 
was unable to flex, extend or rotate the head. 
No paresthesia or anesthesia was demonstrable. 

Roentgenograms revealed a lateral displace- 
ment of the right lateral mass for about 4 mm. 
and lateral and slight downward displacement 
of the left one for about 7 mm. Probably in 
consequence of this the skull was slightly in- 
clined to the left. What appears to be a gap 
in the region of the anterior arch was noted to 
the right of the odontoid process. This was not 
so well demonstrable on account of overlapping 
with other structures (Fig. 7). 

Swelling of the soft tissues in front of the 
anterior arch was hardly noticeable. In addi- 
tion, a certain underdevelopment of the right 
maxilla and mandible was present. Formation 
of a posterior atlantoid foramen, an osseous 


Fic. 6. Case 1v. Right parietal skull fracture. Right 
vertical and left oblique fracture of the posterior 
arch of the atlas with slight craniad displacement 
of the posterior fragment. 
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Fic. 7. Case v. Fracture of the anterior arch of the 
atlas on the right. Above the normal foramen 
transversarium a large foramen atlantoideum 
laterale is noted, formed by a bridge extending 
from the lateral mass laterally and downward to 
the transverse process. The anomalous posterior 
atlantoid foramen, also present in this patient, is 
demonstrable only in the lateral and not on this 
anteroposterior view. 


bridge between the lateral mass and the pos- 
terior arch, was noted (developmental varia- 
tion). It is seen only in the lateral view. The 
foramina seen in Figure 7 are the normal trans- 
verse foramen and the anomalous lateral 
atlantoid foramen. 


Case vi. Diagnosis: Fracture of the anterior 
arch of the atlas on the left, with partial frac- 
ture of the body of the epistropheus (axis) on 
the same side. 

A male, aged thirty-nine, was admitted to 
the Boone County Hospital and examined 
roentgenologically immediately after being 
hurt in a building, which collapsed during a 
cyclone. His major complaint was extreme pain 
on movement of the head. There was marked 
stiffness. No paresthesia or anesthesia was 
found. 

Roentgen films disclosed a well-defined frac- 
ture gap about 5 mm. wide in the region of the 
anterior arch about 1 cm. to the left of the mid- 
line. Both lateral masses were dislocated later- 
ally, projecting about 4~5 mm. The space be- 
tween the anterior arch of the atlas and the 
odontoid process was somewhat widened. In 
addition, a fragment about 5 mm. in diameter 
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Fic. 8. Case vi. Fracture of the anterior arch of the 
atlas on the left. Note the centrifugal displacement 
of the lateral masses and the partial fracture of the 
upper articular facet of the axis. 


was separated from the left upper edge of the 
second cervical vertebra and displaced down- 
ward for about 2 mm. and slightly laterally 
(Fig 8). The soft tissues in front of and below 
the anterior arch of the atlas were somewhat 


thickened. 
FREQUENCY AND CAUSES 


In relatively short time 4 cases, verified 
by roentgen examination, were discovered 
in the material available, after encounter- 
ing in previous years all kinds of spinal 
fractures including quite a few of the odon- 
toid process, but, so far as | can remember, 
none of the atlas.* 

After Jefferson,'*' 29 fractures of the 
atlas were reported in the nineteenth cen- 
tury. Their number increased to 65 up to 
1927. Since then 28 more can be added from 
the literature, so that with the 6 cases de- 
scribed in this article 99 injuries of this 
kind have been published. Some cases may 
escape observation, when a severe trauma 


* After the presentation of this paper before the Congress, 
Dr. D. V. LeMone, Columbia, Mo., was kind enough to mention 
the fact that among his cases of automobile accidents he had 
several cases of fractures of the atlas with lateral dislocation 
which are included in this report and fractures of the first ribs 
which are not recorded here. Dr. I. Lattman, Washington, D.C., 
also recalled similar findings. 
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produces such an extensive injury that 
death follows instantly. Without an autopsy 
or at least a post-mortem roentgen exami- 
nation, a more exact diagnosis is hardly 
possible. However, the opportunity to 
diagnose a broken atlas with the help of 
roentgenograms is now undoubtedly much 
greater than before the roentgen era. 

In 1907 Corner® found 1 fracture of the 
atlas and 6 of the odontoid among 20 pa- 
tients with rotatory dislocations of the at- 
las. From 1921 to 1932 Mackh*® in the 
Hafenkrankenhaus of Hamburg saw 48 
cases with 60 injuries of the cervical spine, 
among them 2 fractures of the anterior and 
2 of the posterior arch of the atlas. Cone 
and Turner’ (1933-1937) observed 1 frac- 
ture of the anterior arch of the atlas among 
36 patients with injuries to the cervical 
vertebrae. Roberts* described 19 cases 
with dislocations and 18 cases with frac- 
tures of the cervical, yet none of the atlas. 
Akerman,! in his report on 304 spinal frac- 
tures, with 68, or 22.3 per cent, in the cer- 
vical region, does not mention one of the 
atlas and excludes partial fractures of the 
axis. Unfortunately, the large statistics by 
Haumann® includes none of the atlas. 

To elaborate on the causes of the lesion 
in question one therefore has to rely upon 
smaller series and case reports. 

The atlas is very well protected against 
a direct injury by the skull, particularly 
the occiput, the mastoid processes and the 
maxilla. It is surrounded laterally and pos- 
teriorly by a thick layer of soft tissues, and 
shielded by the spinous process of the sec- 
ond vertebra and by the mandible. Except 
for exposure to injury by projectiles* di- 
rect trauma to the atlas is a very rare 
accident? and was not responsible for its 
fracture in any of the 34 cases added in 
this paper. Smith’s, and Wagner and Stolp- 
er’s experiments with the corpse to produce 
an atlas fracture failed.’* Evidently fixation 
of the head and spine by contraction of the 
musculature plays a definite rdle. Braque- 
haye and Laubie succeeded by longitudinal 


* Delorme, Mouisset and Arloing, Knoflach and Jefferson.'* 
t Hugues, Ridley, Sicard and Roger, Blanc and Scott.'® 
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compression of the head on the spine.!® 
Pieri’s”® patient broke his atlas apparently 
by mere muscle action, trying to correct the 
unbalance of a bundle of hay weighing 
about 110 lb. (so kg.) while loading it 
on his head; this, however, is an unusual 
cause. 

Before the time of frequent automobile 
accidents many fractures of the atlas were 
caused by falling violently on the head. 
Farmers plunging from a haymow or straw 
stack appear in these reports. Four pa- 
tients suffered their injury while exercising 
in the gymnasium, their history being rath- 
er similar. Two incidents are described, 
where the injured were sitting in an auto- 
mobile or on a motorcycle during collision 


(Table 1). 


TABLE I 

CAUSES 
Cases 
Sitting in automobile or on motorcycle......... 6 
Fall from haymow, threshing machine, etc..... . 5 
Fall while running or walking. ................ 2 
Fall from roof or scaffold... 2 
Blow against upper occiput while rising... ..... I 
Hurt in collapsing building................... I 
34 


Of our 4 cases, 3 happened in automobile 
accidents, all suffering from isolated frac- 
tures of the posterior arch at a correspond- 
ing place near the lateral masses. The 
fourth with a similar lesion and a skull 
fracture was found with the previous 
events unknown. Of the two cases from 
Dr. LeMone with fractures of the anterior 
arch, one also was injured in an automo- 
bile accident, the other one was hurt ina 
collapsing building. 


MECHANISM 


The mechanism leading to a fracture of 
other units of the vertebral column" does 
not affect the atlas so easily because of its 
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anatomical and functional characteristics. 
It enables the first cervical vertebra to es- 
cape forces of longitudinal traction (elonga- 
tion) and pressure, of flexion and extension 
more readily. In addition, the atlas resists 
rotation less than the other parts of the 
spine and it is well guarded against direct 
injury. 

Pressure on the skull in flexion is trans- 
mitted from the skull through the lateral 
masses of the atlas. It then causes fractures 
most frequently in the region of the fifth 
and sixth cervical vertebrae. Here the 
normal lordosis of the cervical spine changes 
into the normal kyphosis of the thoracic 
spine, which additional reinforcements 
make less vulnerable. Certainly in those 
cases of a blow against the head by a hard 
instrument or by contact with hard mate- 
rial, a fracture of the skull capsule will re- 
sult rather than one of the atlas, and a 
fracture of the base, if the skull is com- 
pressed beyond its elasticity. 

A wedge-like compression of the body, 
common in other spinal fractures, is not 
seen since the atlas has no real body. There 
is ample space for the anterior arch of the 
atlas between the base of the skull and the 
anterior edge of the axis to escape forced 
flexion. In backward extension the atlas 
again is usually in a better position than 
the lower vertebrae of the neck, lying far- 
ther away from the turn of the spine into 
the dorsal kyphosis resisting this force. 
Furthermore, the atlas has no spinous proc- 
ess. Extreme deflexion will be discussed 
later. A force in horizontal sagittal direc- 
tion as a rule leads to fracture of the odon- 
toid process with dislocation of the skull 
and the odonto-atlas unit on the body of 
the second vertebra. 

The rotary dislocations of the atlas are 
more frequent in a fracture of the odontoid 
process or a separation of the transverse 
ligament than in a fracture of the atlas. 

So much for the mechanism of cervical 
fractures in general. A blunt violence 
against the skull is the cause of atlas frac- 
tures almost without exception. The three 
different mechanisms are: the atlantal 
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squeeze, the lever-like action on the pos- 
terior arch and the pressure of the odontoid 
against the anterior arch. 

From the site of the skin lesions one can 
often determine the location of contact 
with the objects exacting the force. The as- 
sumption seems to be justified that it does 
not make so much difference which part of 
the skull suffered the injury, as long as a 
sufficient pressure in caudal direction is ex- 
ercised. When met by an opposite pressure 
from the spine, fixed in a rather straight 
position by muscular contraction, a more 
or less equal stress is acting on all inter- 
vertebral (and occipital) articulations. This 
force is apt to press the lateral masses of 
the atlas, whose wedge-like shape is known 
from roentgenograms taken through the 
open mouth, outward and slightly back- 
ward according to the law of the parallelo- 
gram of forces (see Fig. 7). A bursting of the 
atlas occurs. Lateral displacement of both 
lateral masses may be present if the ante- 
rior arch is broken, and only then. Other- 
wise one lateral mass may slip sidewise by 
additional dislocation, the masses retaining 
their relation to each other. 

The mechanism was described in an ex- 
cellent and convincing way by Jefferson'*:'® 
whose two papers on this subject are re- 
conimended to all readers interested in this 
problem. In some cases of pressure one 
fracture will relieve the strain, in others 
bursting into four and five pieces is re- 
ported.* 

In the almost typical bilateral breaks ot 
the posterior arch, however, a lever-like ac- 
tion can also be supposed to separate the 
laminae at corresponding places. Roent- 
genoscopic studies of deflexion of the skull 
showed that the posterior arch of the atlas 
comes in close contact with the skull. In 
extreme deflexion the posterior circumfer- 
ence of the atlas is pressed by the occiput 
against the spinous process of the axis. 
Both these structures, as well as the ante- 
rior arch and the transverse ligament, are 
stronger than the weak part of the poste- 
rior arch near the lateral masses. If the force 

* Quercioli, McCarthy.” 
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acts in a more or less vertical direction, the 
fracture can be expected to be equal on 
each side. Should it be exercised in an ob- 
lique direction the fracture lines probably 
will differ, one side breaking after the oth- 
er. Our Case tv illustrates this mechanism 
of a force in oblique direction. 

Comminution in the region of the poste- 
rior tubercle was not seen in our cases and 
to our knowledge is not reported in the 
literature. 

All three layers of the short dorsal mus- 
cles do not extend higher than to the axis. 
The semispinalis muscle inserts on the nu- 
chal plane of the occiput, skipping the up- 
per cervical vertebrae. Only the bilateral 
rectus capitis posterior minor muscle con- 
nects the posterior tubercle of the atlas 
with the occiput. As long as the atlas ring 
is intact the contraction pulls the occiput 
downward. When the posterior arch is 
broken bilaterally, the action of this muscle 
may, in our opinion, produce an angulation 
and craniad dislocation as seen in our Cases 
1, 1, and tv. Other dislocations depend 
on the force producing the fracture. The 
rare direct injury by a blow with a stick, 
etc., displaces the posterior arch forward, 
injuring the medulla. 


Taste II 
SITE OF FRACTURES 
Cases 
Anterior arch alone 14 
Posterior arch alone 49 
Both arches 13 
Lateral mass 7 
Transverse process 5 


A fracture of the lateral mass and one of the trans- 
verse process were reported together with that of 
the posterior arch. 


ASSOCIATED INJURIES 


Additional injuries are represented by 
the well-known symptoms of a skull frac- 
ture in the vault or base. Constant inclina- 
tion and rotation are seen in dislocations. 
The articular capsule permits extensive ro- 
tation; rotatory subluxation is indicated by 
a fixed and tilted position of the head or in 
a later stage by a tendency to deviate. Ex- 
treme rotation with fixation in an angle of 
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go degrees is observed with and without 
fracture of the atlas.* 

Much more dangerous are those injuries 
loosening the anchorage of the first cervical 
vertebra. A break in the odontoid process 
of the axis with anterior or posterior dis- 
placement of the entire occipito-atlanto- 
odontoid component immediately endan- 
gers the cord by narrowing of the spinal 
canal. 

The original intervertebral disc between 
the atlas and axis separates the odontoid 
process from the axis. Very slowly this ru- 
dimentary cartilage disappears, and is still 
found present in 23.5 per cent of individu- 
als between thirty and fifty years of age. 
For this reason some fractures of the base 
of the odontoid process probably occur 
more readily. 

Fractures of the body and laminae of the 
second and of the remaining cervical verte- 
brae show the symptoms characteristic of 
these lesions. 

These accompanying injuries generally 
determine the clinical picture, course and 
result. Their occurrence depends on vari- 
ous factors, the kind of implements or ma- 
terial coming in contact with the body, the 
direction of the force and the position and 
fixation of the skull and the cervical spine 
at the moment of the accident. 


III 


COMPLICATIONS 


3 skull fractures 
24 fractures of the odontoid process of the axis 
11 fractures of the body and arches of the axis 
5 fractures of the body, the arches and spinous 
process of the 3rd cervical vertebra 
fracture of the arch of the 4th cervical vertebra 
fractures of the sth cervical vertebra 
fractures of the 6th cervical vertebra 
fracture of the 7th cervical vertebra 
fracture of the 7th dorsal vertebra 
dislocation of occiput on atlas 
dislocations of the atlas, among them specified: 
g as rotary, 6 as forward and 2 as backward. 


in 


te 


Unconsciousness, retrograde amnesia 
and vomiting are due to the effect of the 
same force causing the atlas fracture and 
not directly to its occurrence. A violent 


* Greeley, Zapelloni.“ 
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impact bursting the atlas ring necessarily 
will shorten the spinal canal, thus contus- 
ing the medulla. However, it is surprising 
to learn how seldom this organ is affected 
by that fracture in its immediate neighbor- 
hood. The displacement of the fragments 
laterally and away from the cord usually 
prevents its injury. If there are symptoms 
they range from “tingling” in the arms to 
sudden death. A student of law" suffered 
a fracture of the atlas and the odontoid 
process. He did not lose consciousness and 
described the pain in the neck at the mo- 
ment of the accident “‘as if steel were beat- 
ing marble to pieces.” Tingling in arms and 
calves is observed for some time after the 
casualty. It may recur later on turning the 
head. Rotation not only shortens the neck 
considerably but also narrows the spinal 
canal; this might account for the phenome- 
non. Coincident injuries are more frequenrt- 
ly responsible for the majority of cord in- 
juries than a separation in the atlas. From 
the symptoms described in Robb’s case, 
one is tempted to make a diagnosis of an 
accompanying luxation, although this is 
not mentioned in the autopsy report. The 
cord in the patient showed edema and hem- 
orrhages. Cases of this kind may be clari- 
fied by roentgen examination post mortem, 
whereas handling of the skull and neck of 
the corpse may easily reduce a dislocation, 
thus obscuring the final situation at sudden 
death. Even small hematomyelia may cause 
serious permanent disability on account of 
destruction of anterior horn cells. For cord 
and nerve injuries, see Table tv. 
Neuralgias with sensory disturbances in 
the region of the great occipital nerve are 
not uncommon. The site of the typical 
fracture of the pedicle of the posterior arch 
lies just above the ganglion of the second 
cervical nerve. With any attempt to move 
the head and consequent displacement of 
the fragments this center is easily pinched 
or injured. Hence a neuralgia or anesthesia 
dolorosa eventuates in the region of the 
great occipital nerve, originating from the 
(first) second (and third) cervical ganglia. 
A massive hemorrhage into the intra- 
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Author 


1. Astley Cooper | 


(Cline’s case, 
1822) 


| 
| 
| 
| 
| 


Nature of Accident 


Severe fall injuring | None 


neck (3-yr.-old boy) 


2. Boullard, 
1849 


3. Marshall, 
1875 


4. Betz, 1880 


H. F. Plaut 


Taste IVA* 


ISOLATED FRACTURES OF THE ATLAS (40 CASES) 


Clinical Signs of 
Cord or Nerve Injury 


| Basket heavy with | Pain in neck. No 


moisture fell from a 


| paralysis at first, 


height on upper and | but cramps devel- 


| back part of head 


Fell from 
story window 


second 


Fell on neck 
shoulder 


5. Hugues, 1897 


Healthy woman 
struck on back of 
neck with stick 


6. Ludloff, 1936 


Not available 


and | 


| 


oped. Complete pa- | 
| ralysis before death 


| arm, progressing to 
triplegia, both arms 
and right leg 


Progressive paraly- 


| sis of arms and legs 


Instant death 


Not available 


7. Holding, 1906 


Fell down stairs 
striking on back of 
head 


8. Quercioli, 
1908 


Fell from tree 


No cord signs. Se- 
vere occipital neu- 
ralgia 


| 


Anatomical 
Diagnosis 


DecEMBER, 1938 


Result 


Both archesofatlas broken | Died 12 months later (in- 


across 


| tercurrent disease prob- 


| ably). No mention of 
| condition of cord at 
| autopsy 


Fracture of posterior arch 


| Lived 38 days 


of atlas, right. Commi- | 
nuted anterior arch frac- | 
ture on to inferior articular | 


facet, lateral mass, left 


of atlas 


Died 9 days later, infec- 
tion of fracture, with 
myelitis of cord 


Isolated fracture of poste- 
rior arch of atlas 


Died 3 months later, 0.5 
cm. piete of bone driven 
against medulla. Focal 
hemorrhage in medulla 


Fracture posterior arch of 
atlas, right and left, 
through grooves for verte- 
bral arteries. Arch driven 
in and impacted. Vertebral 
arteries torn 


Instant death 


No limb palsies. 
Dysphagia 


Fracture left lateral mass | 


of atlas 


Recovered 


Isolated fracture of atlas 


Recovered 


Atlas broken into four | 


pieces by symmetrical frac- 


| tures of both arches 


Died 13 days later from 
pneumonia ab _ ingestis. 
Cord found uninjured at 
autopsy 


g. Corner, 1909 | Rolled out of chair | No cord signs. Se- | Fracture of atlas | Recovered 
with head flexed vere neuralgia great 
| occipital nerve 

10. Schneider, Fell down stairs Monoplegia _ right | Fracture anterior arch of | Recovered 


IgII 


arm; recovered 


atlas 


11. Park, 1913 


Not available 


| Not available 


Fracture anterior arch of 
atlas 


Recovered; caries of at- 
las, extrusion of seques- 
| trum by the mouth 45 
| days later 


12. Sicard and 
Roger, 1916 


Bale of paper drop- 
ped on head from a 
height 


No cord signs. Anes- 
thesia left great oc- 
cipital nerve 


Fracture posterior arch of 
atlas 


* The first 20 cases are listed as in Jefferson’s paper." 


| Died one month later of 


| pneumonia. No injury to 
cord; left suboccipital 
nerve almost divided by 
| bone fragment 


| 
| | 
Monoplegia right | Fracture right lateral mass | 
| 
| 
| | 
| | | 
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13. Sicard and 


Roger, 1916 


6 


Nature of 
Accident 


head 


14. Sicard and 


Roger, 1916 


15. George, 1919 


16. George (But- 


Struck by a beam on 
left side of back of 
_ head and neck 


Not available 
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Clinical Signs of 


Anatomical 


| 
Cord or Nerve Injury, Diagnosis 
No cord signs. An- | Fracture posterior arch of | Recovered 
esthesia left great | atlas, left side 
occipital nerve 
No cord signs. An- | Fracture posterior arch of | Recovered 


esthesia left great 
occipital nerve 


atlas, left side 


| No clinical details 


Fracture posterior arch of 
atlas, two places 


Presumed recovered 


Not available 


| No clinical details 


Fracture posterior arch of 


Presumed recovered 


ler’s case), atlas, one place 
1919 
17. Jefferson, Aeroplane crash. Fell | None Fracture posterior arch of | Recovered 
1920 on head atlas, two places 
18. Jefferson | Thrown from horse | Laceration _ brain | Fracture posterior arch of | Died im mediately 
(Langstaft’s stem atlas, two places 
case), 1920 
19. Arnison (pri- | Man thrown from | Pain rigidity of | Fracture posterior arch of | Recovered. Still rides to 
vate com- horse striking on | neck. No signs of | atlas hounds 
munication) head cord injury and 
compression 
20. Jefferson, Back of head struck | Paresisof arms. An- | Bilateral fracture posterior | Recovered. Neuralgia 
1927 by telegraph pole esthesia dolorosa | arch of atlas present. Non-union after 
both great occipital 5 months 
nerves. Anesthesia 
on both arms cor- 
responding Cs 
21. Menegaux, Fall down stairway | No Fracture of posterior arch | Recovered 
1927 on head of atlas on right 
22. Robb, 1927 Fall from roof on | Paresis and pain in | Bilateral (?) fracture of | Died suddenly on eve- 


back of his neck 


right arm 


posterior arch of atlas. 
Edema and hemorrhage in 
cord 


ning of second day 


23. Pieri, 1927 


Sharp muscle con- 
traction loading bun- 
dle of hay on head 


No 


Fracture of left transverse 
process of atlas 


Cured 


24. McWhorter, 


1929 


Fall downstairs on 


head and shoulders 


25. Giraud, 1931 


Occipital neuralgia 


Bilateral fracture of poste- 
rior arch of atlas 


Cured after laminectomy 


Fall from scaffold 11 
m. (37 ft.) 


Reflexes on left side 
more vivid. Muscu- 
lar atrophy of tra- 
pezius muscle 


Fracture of anterior arch 
of atlas. Lateral displace- 
ment of lateral masses 


Improved, incapacity 50 
per cent 


26. del Rossi, 


Fall on head from | No Fracture of right posterior | Recovered 
1932 hay-wagon arch of atlas 
27. del Rossi, Fall (on head?) from | Unconscious for | Bilateral fracture of pos- | Recovered 


1932 


strawstack 


several days 


terior arch of atlas. Mul- 
tiple fractures of right ribs 


877 
| 
| 
| 
| 


DeceMBER, 1938 


878 H. F. Plaut 
Taste 1VA—Continued 
Nature | Clinical Signs of | Anatomical 
Accident Cord or Nerve Injury, Diagnosis 
28. Canuto, 1933 | Fall on ground while | Total paralysis (mo-| Fracture of left transverse ‘Die 


running 


tionless) 


process of atlas. Lesion of 
left vertebral artery. Hem- 
orrhage into intra-arach- 
noidal space at level of at- 
las, around pons and into 
3rd and 4th ventricle 


Died after a few minutes 


29. Mackh, 1933 | Fallinto hold of boat | No Fracture of anterior arch | Recovered 
of atlas 
30 Mackh, 1933 | Fallinto hold of boat | No | Fracture of anterior arch | Recovered 
| of atlas 
31. Mackh, 1933 | Fallinto hold of boat | No | Fracture of posterior arch | Recovered 
| of atlas 
32. Mackh, 1933 | Fallinto hold of boat | No | Fracture of posterior arch | Recovered 
of atlas 
33- Milward, In head-on auto col- | Dazed. Amnesia. No} Bilateral fracture of pos- | Recovered. No callus af- 
1933 lision thrown with | cord symptoms | terior arch of atlas ter 4 months 
head against back of 
front seat | 
34. Skvafil, 1933 | Fall with head on | Tenderness over ex- | Bilateral fracture of pos- | Recovered 
quilt while exercising | it of occipital nerve | terior arch of altas and of 
in gymnasium lateral masses with lateral 
dislocation 
35+ Skvafil, 1933 | Fall on head; no de- | No Bilateral fracture of pos- | Recovered 
tails terior arch of atlas 
36. Jorge, et al, Fall from wagon on | No Bilateral fracture of pos- | Recovered 
1934 head terior arch of atlas 
37. Lupacciolu, Collision while driv- | No Bilateral fracture of pos- | Not given 
1935 ing motorcycle terior arch of atlas. Frac- 
ture right clavicle 
38-40. See text 
IVB 
COMPLICATED FRACTURES OF THE ATLAS (59 CASES*) 
Nature of | Clinical Signs of | Anatomical 
Author Accident ‘Cord or Nerve Injury, Diagnosis Result 


1. Bell Charles, 
1824 


Fell so ft. striking on 
shoulders 


Fracture (?posterior) arch 
and portion of body of at- 
las. Odontoid process 
broken off 


Instantaneous death, pre- 
sumably from medullary 
injury. Autopsy, but no 
mention of condition of 
brain stem 


2. Phillips, 1837 


Felloff hayrackstrik- 
ing on occiput 


None 


Fracture posterior arch of 
atlas in two places. Dis- 
location of remaining part 
forwards. Odontoid process 


broken off 


Died 47 weeks later 
of anasarca (nephritis). 
Fracture had done well 


* The first 45 cases are listed as in Jefferson’s paper.'® 


| 
Result 
| 
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Nature of 
Arathor Accident 
Fell off on head 
1845 


4. South, 1847 Fell downstairs 


fell off lad- 
der backwards 7 ft. 


Melicher, 
1848 


6. Melchiori, | Fell off wai 
1850 
7. Speyer, an ‘Fell on ae 


| 
| 


| Hat Selena down 
/ on head and pulled 
| from side to side 
| (tavern horseplay) 


8. Gascoigne, 
1856 


| Tetraplegia, 
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Clinical Signs of 
Cord or Nerve 


with | 
hyperesthesia right 
half of body 


Violent pains 


in | 


neck and occiput. | 


Weakness of lower 
limbs progressing 
slowly to total pa- 
ralysis 


Monoplegia right 
arm, progressing to 
other limbs 


| Head fell 
chin on breast. Pa- 
ralyzed 


| 
| 


| 


Anatomical 
Fracture posterior pare of | 


atlas. Odontoid broken off | 


Ailes in two | 
Odontoid broken off. Frac- | 


| ture sth cervical vertebra | 


anterior arch 
atlas. Odontoid process | 


broken off 


peg of atlas | 
broken two places. 
QOdontoid broken off. Dis- 


location atlas on axis | 


Fracture both arches of at- 
las. Odontoid broken off 


‘Punta posterior arch of | 
atlas, and arches of 2d, 3d, 
and 4th cervical v ertebrne. | 
Partial luxation 3d cervical | 
vertebra on 4th | 


gross 


Result 


‘Died 15 months later. 
Osteomyelitis of atlas and 
axis. Cord normal 


‘Died 5 bite later. Hema- 
tomyelia level of sth cer- 
vical vertebra 


Died 4 days later 


Died instantaneously. 
Brain stem compressed 


Died 10 days later. No 
injury to cord. 
Blood extravasation over 
medulla 


Died in 40 minutes 


g. Uhde, 1856 


occiput and back 


10. Birkett, 1859 


Man fell downstairs, 
intoxicated 


| 


Il. Ridley, 1869 


| by blow, back of 
head came against 
kerbstone 


Man fell from tree to | 


| Man knocked down | 


Pain in the neck. 
Palsy lower extrem- 
ities, later of upper 
also 


Completely para- 
| lyzed below neck 


Pain i in bleed- 
ing from ears. Gen- 
eral headache. Deep 


furrow between at- 


Fracture posterior arch of 
atlas, also of neural arch of 
axis. Fracture 6th and 7th 
cervical vertebrae 


Died 13 days later 


Fracture posterior arch of 
atlas; 3d cervical dislo- 
cated forwards on 4th cer- 
vical 


Died in 36 hours 


Fracture posterior it of 
atlas. Dislocation of atlas 
forwards. Fracture of oc- 
cipital, parietal and tem- 
poral bones 


Died 3 days later in con- 
vulsions 


12. Gayet, 1870 Slipped on stairs, ar- 


rested fall with a jerk 


Fell 40 ft. striking on 
vertex 


13. Hamilton, 
1872 


| 
| las and occiput 
| 
| 


Severe pain in neck. 
Supported head 
with hand, Palsy 
appeared four weeks 
later 


Fracture lateral mass of at- 
las and of axis. Fracture 
odontoid process 


Died 5 to 6 weeks later 


below 
level. 


| the nipple 
| Arms normal 


Fractures of both arches 
and right transverse proc- 
ess of atlas. Odontoid un- 
injured. Fracture 6th cer- 


Died 48 hr. later. Cord 
compressed at level of 
6th cervical vertebra 


vical vertebra 
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poe Nature of Clinical Signs of Anatomical Result 
Accident Cord or Nerve Injury Diagnosis 
14. Milner, 1874 | Fell off roof, neck Posterior arch of atlas frac- | Died _ instantaneously. 
probably flexed tured in two places. Com- | Medulla found divided 
plete dislocation of occiput | at necropsy 
from atlas 
15. McCarthy, Fell head foremost | Tetraplegia arms | Atlas brokeninto five frag- | Died 3} days later. Cord 
1874 down hold and legs ments. Odontoid broken | concussed, no compres- 
off sion 
16. May, 1876 Fell 15 ft. to back of | No definite cord | Fracture of posterior arch | Died 34 yr. later, mania- 
head signs; fully recov- | of atlas. Odontoid broken | cal, suffocated with piece 
ered later off. Rotary dislocation at- | of meat. Groove for first 
las on axis. Fracture trans- | cervical nerve found ab- 
verse processes 5th and 6th | sorbed at autopsy. Cord 
cervical vertebrae normal 
17. Eberman, Fell from steps, | Walked to his room | Fracture transverse proc- | Died in 30 minutes 
1879 struck occiput supporting his neck | ess of atlas. Fracture 
against ground with hands through body of 3d cervical 
18. Armstrong, Man hit on back of | Died almost imme-| Fracture transverse proc- | Died in few minutes 
1885 neck or head by base- | diately ess of atlas. Rupture at- 
ball bat lanto-axoid ligaments 
19. Francis, 1886 | Man fell 20 ft.,strik- | Rigid neck, paraly- | Fracture posterior arch of | Died 37 days after injury 
ing upper and back | sis left lower limb | atlas. Vertical fracture of 
part of head against | and both upper | axis through pedicles 
a plank limbs 
20. Lannelongue, | Fell backwards off | Severepain,rigidity | Fracture anterior and pos- | Died 18 days later 
1888 cart, struck head on | of neck; 17 days la- | terior arches of atlas. 
ground ter paralysis of | Odontoid process broken 
limbs began and he | off its base. Transverse 
died in a few hours | ligament intact 
21. Berndt, 1893 | Fell forwards down | Dipiegia right arm | Transverse fracture ante- | Died1 monthlater. Com- 
steps and leg, anesthesia | rior arch of atlas. Odontoid | pression of right half of 
of left side (Brown- | broken off. Rotary disloca- | cord, no gross lesion o 
Séquard palsy) tion of atlas on axis brain stem 
22. Kocher, 1896 | Fell 10 ft. strikingon | None Probable fracture of atlas | Recovered 
head and odontoid 
23. Smith and Cab-driver fell off | Keptalive for3hrs. | Fracture anterior and pos- | Died 3 hours later 
Clegg, 1893 box seat, head | byartificialrespira- | terior arches of atlas. 
strongly flexed under | tion. Tetraplegia Odontoid process broken 
body off. Transverse ligament 
intact. 
24. Picqué Fell 11 ft. Difficulty in swal- | Fracture of anterior arch | Recovered 


(Pillot’s case) 
1900 


lowing, no limb pal- 
sies 


of atlas. Rotary disloca- 
tion atlas on axis 


25. Scott, 1904 


Hit on back of neck 
with heavy stick 


None. Walked 
about 


Fracture of both arches of 
atlas in middle Odontoid 
broken off 


Died 10 days later of 
tetanus. Cord normal 
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Nature of Clinical Signs of Anatomical 
Author | Accident Cord or Nerve Injury Diagnosis Resale 
26. Corner, 1905 | Museum specimen. Atlas misshapen by healed | Survived some time 


History unknown 


fractures: (1) comminuted 
fracture right lateral mass; 
(2) fracture posterior arch 
in center. Atlas ankylosed 
to occiput. Fracture body 
of axis 


27. Corner, 1907 


Fell off horse on fore- | Dysphagia and | Fracture of anterior arch | Recovered 
| head thick speech. No af- | of atlas. Rotary dislocation 
fection of limbs of atlas on axis. Condition 
of odontoid doubtful 
Fell 13 ft. head fore- | No cord signs. Oc- | Fracture of both arches at | Recovered 


most 


28. Van Assen, 
1908 


Fell 4 ft. to right side 
of head 


29. Blackwood, 
1908 


| Hit on back of neck 
with heavy timber 
| head flexed 


30. Blanc, 1908 


cipital neuralgia 


atlas. ?Fracture of odon- 
toid. ?Rotary dislocation 
of atlas on axis 


Total paralysis be- 
low level of larynx. 
Kept alive for 34 
hr. and 40 min. by 
artificial respiration 


Atlas fracture in three 
places, both arches. Odon- 
toid broken off. Disloca- 
tion of occiput on axis 


Died 35 hr. later. Hem- 
orrhage into cord from 
level of foramen magnum 
to 3d cervical vertebra 


Concussion, diple- 
gia both arms 


Fracture of atlas. Fracture 
of axis. Forward luxation of 
atlas on axis 


Recovered. Palsies im- 
proved when seen 6 years 
later 


31. Mixter and 
Osgood, 1910 


Fell down 13 stairs 


Severe occipital 
neuralgia. No cord 
signs 


Fracture of anterior arch 
of atlas. Rotary, disloca- 
tion of atlas on axis 


Recovered 


32. Mixter and | Railway accident 


Osgood, 1910 


All four limbs be- 
came spastic 2} 
months after acci- 
dent 


Fracture posterior arch of 
atlas. Complete dislocation 
of atlas on axis 


Died suddenly 1 month 
after laminectomy and 5 
months after injury. No 
autopsy 


33. Mixter and | Fell from a height to 
Osgood, 1910 | right side of head and 
neck 


Rigth occipital neu- 
ralgia. Monoplegia 
right arm 


Fracture posterior arch of 
atlas, right side. Rotary 
dislocation of atlas on axis 


Recovered 


34- Pilcher, 1910 | Fell 15 ft. to fore- 
head 


Diplegia right arm 
and leg, improved 
by laminectomy. 
Palsy developed 2} 
months after acci- 
dent. Occipital neu- 


| ralgia 


Fracture lateral mass of 
atlas, body of axis com- 
pressed. Rotary disloca- 
tion of atlas on axis, with 
which it is ankylosed 


Recovered. Seen 9 yr. 
later, right hand weak, 
leg recovered 


35. Schepelman, 


Fell 9 ft. on occiput | Headache, rigidity | Fracture posterior arch of | Recovered 
1g10 of neck. No neuro- | atlas, also of 7th thoracic 
logical signs vertebra 
36. Boeckel, 1911 | Fell some 12 ft. head | None Fracture right lateral mass | Recovered 
foremost to sand of atlas. Rotary dislocation 
of atlas on axis 
37. Brooks, 1915 | A fall. No details Monoplegia _left | Fracture of both arches of | Died suddenly 24 hours 


arm. Speech thick 


atlas in two places. Odon- 
toid broken off 


later, presumably from 
injury to cord 
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Fracture of anterior and | Lived a short time 
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Auth | Nature of Clinical Signs of 
sens Accident Cord or Nerve Injury 
38. lolli, | Unknown (museum | Unknown 
1920 | specimen) 


39. Smith, 1921 Dived into shallow | Pain, rigidity of 
_ water, struck head | neck. No neurologi- 
| on bottom | cal signs 


_ Boy fell i into a wl 
| containing little wa- 
ter 


40. Bradfield, 
1922 


Unconscious | 
short time. Pain and 
rigidity of neck 
“Both legs and left 
arm paralyzed for 
some time 


| Blown up by shell, 
fell on head 


41. Williams, 
1922 


42. Marinesco | Injured by locomo- | Fractured skull and 


and Ludovici, | tive | femur. Tetraplegia 
1923 
43- Forbes Man thrown into air | Severe pain in neck 


_ ina logging accident. | and shoulders. Neck 
Pitched on head | held stiffly. 
pain in scalp 


44- ‘Selieeaity, Fall downstairs strik- | None 


1927 ing wall across pas- 
sage 
45. 9: Selbbiaiion Bag of starch fell on | Occipital neuralgia. 
1927 head | Tingling 


| and calves 


46. Billot, 1899 


| Fall on head from | No 
| threshing machine 


| 


Blow against upper 
occiput while rising | 
from bending over 


47. Palmer, 1921- 
1922 


48. Zapelloni, | Fall; no details Neuralgic crises of 


1925 major occipital 
nerve 
49. McWhorter, | Fall from haymowon No 
1929 | head 
so. McWhorter, | Struck by automo- Bilateral occipital 
1929 bile neuralgia, deafness 
| right ear 


Great | 


in arms | atlas on 


| posterior arches of atlas. | 


Fracture of odontoid 


Senin posterior arch of | Recovered 
atlas. Anterior luxation of 

atlas | 

 Sieamees of atlas and an- | Recovered 


terior dislocation (?frac- | 


tured 


of atlas and 2d | 
and 3rd cervical vertebrae 


13 
| injury 


Fractures of atlas and axis 
vertebrae 


Fracture posterior arch of Recovered, Fracture 
atlas. Fissured fractures | united 4 months later 
through bodies of 2d and | 


3d cervical 


Fracture u- 
nited about 2 vears later 


Bilateral fracture posterior | 
arch of atlas. Fracture of 
odontoid with dislocation 
of occipito-atlanto-odon- 
toid component | backward | 


Beatin posterior arch of | Recovered. Nena union af- 
left. Fracture | ter 19 months 
process 3d cervical 


on sight side of | Recovered 
anterior arch and anterior | 
dislocation of atlas. Dislo- | 
cation of axis | 
Fracture on right side of | Recovered 
posterior arch of atlas. 

Fracture of 6th cervical | 

vertebra 


Poncunie on right side of | Cured after operation 
posterior arch of atlas. | 
Luxation in go” angle | 


wy posterior and Recovered 
anterior arches of atlas | 
with lateral displacement. | 
Fracture of odontoid 


Died with extensive ery- 
sipelas 17 days after ac- 
cident 


Bilateral of pos- 
terior arch and of right 


| 
| 
transverse process of atlas. | 


| Fractures of skull, of right 


transverse process of 6th | 
cervical vertebra, of 10-12 


left ribs and of right clav- 
| icle 


F 
| 
| 
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pom Nature of Clinical Signs of Anatomical | Result 
Accident Cord or Nerve Injury Diagnosis | 

51. Homma, 1930 Fall on vault of cra- | Tingling in both Bilateral fracture of pos- | Recovered 
| nium in gymnasium | handsof short dura- | terior arch of atlas. Frac- 
| tion ture of odontoid and dis- 
location posteriorly 

52. Homma, 1930 | Fall to forehead on | Formication in left | Bilateral fracture of pos- | Recovered 
| wooden floor while | hand for about 15 | terior arch of atlas. Frac- 
| exercising in gymna- | minutes | ture of arch of axis and 
sium | _ subluxation of body of axis 
| | | anteriorly 

— 

53. Baur and _ Overthrown by big | Paresis of right arm, | Fracture of anterior arch | Recovered 


Beau, 1935 | dog 
| incontinence 


paraplegia of legs, 


of atlas. Fracture of odon- 
toid process. Anterior and 
right lateral dislocation of 
atlas 


Tchaperoff, 


| Fall backwards on es. | Quadriplegia anes- 


Bilateral fracture of pos- | Nervous lesions disap- 
terior arch of atlas. Frac- | peared 24 hours after 
_ ture of odontoid with back- | traction and plaster col- 
_ward dislocation of atlas | lar. Recovered 

on axis | 


1937 | calator head over | thesia from nipples 
| heels | down 
| 
55. Cone and Fall backwards down | Hypesthesia 2d and 


Turner, 1937 | stone steps 


| 


| 3d cervical derma- 
| tomes bilaterally 


Recovered after opera- 
tion 


Comminuted fracture of 
left anterior arch of atlas. | 


Dislocation on left side 


56. Corret, 1937 
nasium 


der region 


57-59. See text 


arachnoid space at the level of the first cer- 
vical vertebra in the region of the pons and 
into the third and fourth cerebral ventricle 
was found in a girl after a fall on the 
ground.‘ Her death was caused by the rare 
syndrome of fracture of the left transverse 
process of the atlas with injury of the ver- 
tebral artery.* As a rule, flexibility and 
extension of this vessel, enabling it to fol- 
low the various movements of the head, 
prevent a more frequent injury by the frag- 
ments of the supporting posterior arch. 


DIAGNOSIS 


Generally stiffness and pain in the neck, 
chiefly in the suboccipital region, are the 
main symptoms. The head may be held 
with both hands to prevent suffering from 

* Similar cases are those of Delorme and Sedillot, while in 
Langstaff’s museum specimen by Jefferson and Pieri’s patient, 


although the transverse processes were broken, no lesion of the 
vertebral artery is mentioned. 


Fall on head in gym- | Tingling over shoul- 


Bilateral fracture of pos- | Not given 
| terior arch of atlas 


involuntary movements. Active flexion and 
extension in the occipito-atlantal, rotation 
in the atlanto-axoid joints and lateral in- 
clination are inhibited by aching. Any one 
of these muscle actions may separate the 
fragments and elicit pain. This is particu- 
larly true for the nodding. Passive move- 
ments may hurt extremely and be more or 
less limited. There is tenderness on paipa- 
tion of the nuchal groove, and also over the 
transverse processes. The patients may try 
to escape the palpation with their whole 
body. Some can hardly find a comfortable 
position in bed. Swallowing is painful in a 
number of cases. The injured person has 
the sensation that food is sticking, even if 
no signs of bulbar involvement are demon- 
strable. Concomitant hemorrhage into the 
prevertebral (retropharyngeal) space from 
a fracture of the anterior arch probably 
causes this trouble. Palpation through the 
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mouth is not as helpful as it might be in 
cases of luxation of the atlas “except that 
the attempt to examine may disclose how 
painful is any movement of the head.” 


ROENTGEN TECHNIQUE AND FINDINGS 


Roentgen examination contributes to the 
diagnosis of a fracture of the atlas more 
than all other clinical means, and remains 
the only one determining the condition in 
vivo without operation. 

The upper cervical spine is explored 
routinely by roentgenograms in the lateral 
direction and through the open mouth an- 
teroposteriorly, in addition to axial and 
rarely by oblique views. For demonstration 
of the anterior arch of the atlas the method 
of a posteroanterior view on intraoral film 
is recommended. 

The tip of the mastoid, easily palpated 
without hurting the patient, marks the 
level of the atlas. For patients able to sit, 
one uses a plain or stereoscopic lateral view 
at 6 feet, thus compensating the space be- 
tween spine and film. It shows the entire 
neck with the fracture in relation to the 
other cervical vertebrae practically with- 
out distortion. A dry square sponge, placed 
between the parietal region and the cas- 
sette, steadies the head. 

If the lateral view is taken with the tube 
in vertical position and the patient on the 
table in lateral position, the tunnel for the 
cassette should be placed on a block to 
equal the distance between shoulder and 
head. It is not advisable to have the pa- 
tient lie prone and then turn his head paral- 
lel to the table as in skull roentgenography 
(Fig. 3). The upper cervical spine is rotated 
in this position, and that part of the arch 
remote from the film may overlap the later- 
al masses. As Kleinhaus’s** and general 
experience in the viewing room has shown, 
the image of the rotated vertebrae may 
lead to an incorrect diagnosis. 

In severely injured patients, unnecessary 
handling should be avoided. The lateral 
view is taken in the supine position with 
the cassette placed vertically as close to the 
cheek and neck as possible and the tube 
directed horizontally. Stereoscopic films 
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may give a better idea of the lesion. For 
demonstrating both sides of the posterior 
arch separately, it is safer to direct the 
central ray to a lower cervical level as in 
stereoscopy, than to incline the head to- 
ward the cassette. The target-film distance 
should be such as to avoid overshadowing 
of the arches by the occiput. 

The Potter-Bucky diaphragm, although 
not used routinely for the lateral view, aids 
in bringing out the contrast in dense over- 
lapping structures such as the lateral 
masses. Fractures of the posterior arch, 
which happen most frequently, are readily 
visualized in the lateral view. Symmetrical 
gaps may overlap. The width of the gap 
varies in our own cases from a fissure to 
about 3.5 mm. (Case 11). 

In oblique fractures with upward dis- 
placement, the gap widens gradually, as in 
our Case Iv. 

Craniad dislocation of the posterior arch 
in bilateral fracture is quite common and 
easily recognized. The posterior fragment 
is angulated closer to the occiput and more 
remote from the spinous process of the axis 
than normal. Forward dislocation of the 
posterior fragment also should be noted in 
the lateral aspect, though we had no op- 
portunity to observe this rare finding 
caused only by direct injury. 

The lateral view fails to reveal a grossly 
disturbed relation between the fractured 
anterior arch of the atlas and the odontoid 
process in Case vi. Only a slight widening 
of the space between these two structures 
is noted. Hemorrhage may cause a swelling 
of the soft prevertebral tissues and aids in 
the diagnosis. 

Marked anterior dislocation of the atlas 
on the axis indicates a rupture of the trans- 
verse ligament. From a similar displace- 
ment of the atlas together with the odon- 
toid process, one can diagnose a fracture at 
the base of the latter. 

An additional routine view is made an- 
teroposteriorly through the open mouth. A 
piece of a tongue depressor placed between 
the front teeth or a cork between the mo- 
lars secures a maximal opening. The cen- 
tral ray follows a sagittal line connecting 


ad 
4 
| 
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the edge of the upper incisors with the low- 
est point of the occiput. Any angulation of 
the tube caudad or craniad would cast the 
atlanto-occipital articulation into the shad- 
ows of the teeth or the cranium. In patients 
without upper incisors this joint is more 
easily demonstrable than in others. When 
it is lying craniad to the above-mentioned 
line no technique can project it into the 
space between the two rows of teeth with- 
out overlapping with the skull. In these 
cases, and those having difficulty in open- 
ing the mouth, the Potter-Bucky dia- 
phragm supplies visualization of the atlas 
and adjacent structures through the shad- 
ow of the facial bones. The contrast then is 
increased at the expense of the finer struc- 
tural detail. The technique of taking the 
intraoral films will be described below. 
For the diagnosis of the fractures in the 
anterior arch a view in the sacittal direc- 
tion is indispensable. Cases v and v1 (Figs. 
7 and 8) reveal this lesion very clearly, 
thanks to the excellent technique of Dr. 
LeMone. The lateral masses are seen to 
protrude 4~7 mm. bilaterally over the edges 
of the axis. The gap in the course of the 
anterior arch of Case vi is very distinct. 
Sometimes the latera! masses and the odon- 
toid process of the axis, being much heavier 
and thicker than the anterior arch, inter- 
ferewith the demonstration of its separation. 
The sagittal views aid considerably in 
determining dislocations. In subluxation 
the joint spaces differ in width and shape 
on each side. When the anterior arch is not 
broken, the left mass moves medially when 
the right one slips laterally and vice versa, 
as indicated by the difference in space be- 
tween each one and the odontoid process. 
Case 111 demonstrates the slightly asymmet- 
rical position of the atlas on the axis, their 
lateral edges being shifted against each 
other with a step formation. George®’® has 
made valuable contributions to the accurate 
and methodical study of injuries in this re- 
gion. The more severe rotary dislocations 
will be discussed under differential diagnosis. 
For roentgenograms in the axial direc- 
tion the patient is placed with the chin on 
the cassette or Potter-Bucky diaphragm, 
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the nose being supported by a cork, in a 
position similar to that for examination of 
the maxillary sinuses. With adequate cen- 
tering over the vertex, the whole atlas ring 
is plainly seen, projected into the space be- 
tween the mandible and the posterior cir- 
cumference of the occiput. Still this tech- 
nique appears to be somewhat hazardous 
in freshly injured patients, unless lesions 
of the atlanto-axoid holding apparatus and 
of the remaining cervical vertebrae are ex- 
cluded. In some recent fractures of the at- 
las, pain would prohibit any extensive han- 
dling of the head. 

The lateral view does not seem to aid 
much in the determination of fractures in 
the anterior arch. The value of the antero- 
posterior view through the open mouth is 
likewise somewhat impaired by the con- 
siderable distance of the relatively thin an- 
terior arch from the film at the same time 
overlapping with denser structures. There- 
fore, it was thought to be advisable to use 
another technique (a new one as far as I 
can see), bringing the film closer to the ob- 
ject. It is the intraoral view of the anterior 
arch in the posteroanterior direction. 

This technique evidently has two ad- 
vantages. It permits bringing the object 
(anterior arch) close to the film, thus in- 
creasing the detail and differentiating it 
from the heavier yet less sharp-appearing 
structures. Furthermore, it gives a more 
complete survey of the upper part of the 
atlas and the atlanto-occipital joint. 

After spraying of the posterior wall and 
the soft palate with a solution of 2 per 
cent pantocaine, the retching reflex is in- 
hibited. A dental film is then put against 
the posterior wall and held there with the 
fingers. The film is placed as high as possi- 
ble in order to include a part of the occipi- 
tal condyles. The central ray is directed 
tangentially to the lowest point of the oc- 
ciput in the midline, passing immediately 
below the outlet of the occipital foramen. 
The height of the occipital condyles should 
give enough space to cover the entire re- 
gion of the atlas including the upper edge 
of the anterior arch of the atlas. By bring- 
ing the tube close to the neck the other 
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Fic. 9. Case T. T. Re-examination one year after 
accident. Only minute changes toward filling the 
wide bilateral gap in the posterior arch, considered 
to be developmental. The isolated piece of bone 
probably originates from an accessory center for 
the posterior tubercle. 


parts of the atlas will appear with less 
structural detail than the anterior arch. 

This view can be taken with the patient 
sitting, the back of the chair to his side or 
in front, his head steadied by a headrest 
when necessary. 

Without local anesthesia an occlusal film 
folded in the middle of the long axis can be 
placed in the mouth and held there in ap- 
proximately vertical position by the molars. 
It will depend on the sensitivity of the pa- 
tient how far back it can be put without 
producing gagging effects. The disturbing 
shadow of the upper front teeth is avoided 
in this way, although the detail of the an- 
terior arch diminishes with increasing dis- 
tance from the pharynx. Intensifying 
screens, cut in corresponding size, reduce 
the time of these exposures. 

Callus formation, a number of authors 
have noticed, is usually missing after atlas 
fractures. Extirpation of the posterior arch 
for post-traumatic neuralgia gave Mc- 
Whorter™ opportunity to examine the spec- 
imen. Three months after the accident only 
fibrous tissue with pseudarthrosis was 
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found bilaterally at the site of the fracture. 
Corner’s® Case rv also falls in line. A case 
is reported** to show consolidation of the 
fracture with “regular robust callus.” Yet 
the added illustration reveals a definite 
notch in the lower contour of the posterior 
arch. Both ends of the fragments are still 
recognizable though no longer separated. 
One might call this rather signs of very 
slight callus formation ten months after the 
accident. The craniad dislocation as seen 
in this and other cases may persist. 

In our Case 111, aged seventy-eight, prac- 
tically no diminution of the fracture gap 
and no definite callus formation were de- 
monstrable. The fragment of the posterior 
arch was still angulated upward. The other 
patients could not be re-examined roent- 
genologically except one girl, mentioned 
under differential diagnosis. 


DIFFERENTIAL DIAGNOSIS 


In differential diagnosis the history, 
physical examination and laboratory find- 
ings are of equal importance. Their detailed 
discussion, however, is beyond the scope of 
this paper, and only those changes demon- 
strable roentgenologically will be described. 

Developmental Malformations. One can 
quite agree with the statement that gap 
formations in the posterior arch are “‘clini- 
cally without importance.’’® Yet a restric- 
tion should be made in regard to those 
cases of medical or medicolegal importance 
as mentioned in a previous paper.*° 

Our patient T. T.*° could be re-examined 
roentgenologically one year after the acci- 
dent, thanks to the efforts of Dr. F. B. 
Mandeville. She had suffered a skull frac- 
ture when jumping from a moving auto- 
mobile. A symmetrical bilateral gap about 
8 mm. wide was seen in the posterior arch, 
leaving not more than a pea-sized piece of 
bone in the region of the posterior tubercle. 
Roentgenography one year later reveals 
only minute changes toward filling the gap 
at the anterior and the posterior parts of 
the atlas (Fig. 9). Lack of union does not 
rule out a fracture, but no rigidity or limi- 
tation of movements of the head were ob- 
served during her stay in the hospital. The 
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case is considered to bea rare development- 
al malformation. 

Sybenga reported a dislocation of the 
atlas with a discontinuity in the anterior 
arch. It was thought to be a developmental 
lack of fusion of two ossification centers.'® 

Trauma. Fractures of the skull, espe- 
cially of the base, frequently give sufficient 
clinical signs to secure the diagnosis. The 
occipital condyles are rarely injured.* 
Great care has to be taken in examining 
the upper cervical spine, particularly the 
relation of the odontoid process to the atlas 
and the axis. For mechanical as well as ana- 
tomical and structural reasons the odon- 
toid breaks much more often. Roentgen 
findings are a discontinuity at the base— 
however, not to be confused with a remain- 
ing cartilage island—a dislocation of the 
odontoid plus the atlas backward or for- 
ward and angulation readily seen on extra- 
oral and intraoral views. Comminution of 
the body of the axis is diagnosed without 
difficulty, if a straight lateral view of the 
upper cervical spine without rotation can 
be taken. This reveals a displacement of the 
fragments anteriorly and angulation of the 
axis of the spine, which also holds true for 
the remaining cervical vertebrae.'” 

Dislocations of the unbroken atlas in an- 
terior direction cannot occur unless one of 
two events has happened: a fracture (or 
absence) of the odontoid process or a loos- 
ening of its anchorage by the transverse 
ligament. Rotatory dislocations of the first 
cervical vertebra are seen with and without 
fractures. Corner’s paper on this subject is 
very instructive. 

Roentgenograms' through the open 
mouth show the difference in the shape of 
the joint spaces between the atlas and axis 
(Fig. 5), and stereoscopy may demonstrate 
clearly anterior or posterior displacement. 
The position of the spinous processes of the 
following vertebrae indicates any compen- 
satory rotation. 

* More pronounced anterior dislocations 
show an overlapping of the first and second 
cervical vertebrae. This happens in disloca- 
tions of the atlas with rupture of the trans- 
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verse ligament, which is thick and strong 
and not easily injured in healthy individu- 
als. The integrity of this holding mechan- 
ism may decide between life or death. If the 
ligament is torn, dropping of the head or 
any other movement may cause a serious 
or fatal lesion by pressing the freed odon- 
toid process into the vital centers of the 
medulla or by compressing the motor and 
sensory tracts of the cord. 

Disease. Within the last few years cases 
of spontaneous or non-traumatic disloca- 
tions of the atlas have been observed in 
such a number that we should constantly 
look for them. They are seen most fre- 
quently at the end of the first decade of life. 
According to Jones and Roberts, any in- 
fection close to the atlas and acute enough 
to produce a hyperemia and decalcification 
of the atlas may cause the dislocation. This 
decalcification loosens the anchorage of the 
transverse ligament in the atlas so that any 
movement of the head can produce the 
luxation. The weight of the head in upright 
position and the pressure from behind in 
supine position facilitates an anterior dis- 
placement. Fortunately most of the chil- 
dren recover in spite of an occasional quad- 
riplegia. Some diseases should be consid- 
ered for differential diagnosis in view of the 
fact that patients with a fracture of the 
atlas may come for consultation months 
after the accident on account of restriction 
of the movements of their cervical spine or 
nerve and cord symptoms. 

Osteomyelitis of the atlas (Hérmann) 
and tuberculous spondylitis of this region, 
with involvement of the occipito-atlantal 
and intervertebral articulations may have 
some symptoms in common with a fracture 
of the atlas. All these patients may be suf- 
fering from partial immobilization, pain 
and swelling, neuralgias or cord symptoms 
and offer difficulties in physical examina- 
tion. Certainly by laboratory tests and, 
above all, by a thorough roentgen examina- 
tion a definite diagnosis will finally be pos- 
sible. Presence of a retropharyngeal abscess 
and rheumatic arthritis in the region of the 
upper cervical spine should also be borne 
in mind. Schinz, Baensch and Fried|** show 
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an interesting roentgenogram (Fig. 473) of 
a patient suffering from severe pains in the 
suboccipital region for a few days. A metas- 
tasis in the odontoid process was demon- 
strated two years after operation for cancer 
of the breast. 

Lastly, complications such as neuralgias, 
pareses and palsies may bring up diagnostic 
problems necessitating a distinction from 
diseases of the peripheral and central nerv- 
ous system with similar symptoms. 


TREATMENT 


The patient with a fracture of the pos- 
terior arch of the atlas, uncomplicated by 
luxation or lesions of other bones and cord 
injuries is relieved by immobilization. In 
some cases it will be sufficient to place the 
head between sand bags; others will ask for 
traction® to relieve the pains following the 
pressure of the original trauma. A number 
of authors report good effect with a plaster 
collar applied to the neck ofthe patient. 

Unless the intraoral technique is used 
fractures of the anterior arch may escape 
diagnosis. In these fractures the lateral 
masses are held together solely by the 
transverse ligament; therefore, in doubtful 
cases, a plaster cast seems to be a safe way 
to prevent unwelcome incidents. 

When the patient is up, he either keeps 
his plaster collar or gets a leather collar to 
lift the weight from the broken vertebra 
and to prevent excessive movements. A 
persistent occipital neuralgia may necessi- 
tate a removal of the fragments.™ The im- 
possibility of putting the fragments in 
place after reduction of a luxation of go° to 
the side was another reason for this opera- 
tion.*! 

Probably all dislocations of the atlas, ex- 
cept those of the posterior arch, will make 
traction or plaster necessary. Their treat- 
ment is not to be discussed in this paper, as 
well as that of all other complications, be- 
cause it is not determined by the fracture 
of the atlas. In the later course physiother- 
apy is helpful. 


MORTALITY AND END-RESULTS 


The mortality in fracture of the atlas 
differs essentially from that in other cervi- 
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cal fractures, known for the highest death 
rate of all spinal injuries. 

From a large number of statistics we 
take the following figures: Akerman! re- 
ports 44 per cent mortality of 68 cervical 
out of 304 spinal fractures. Mackh* ob- 
served 30 per cent mortality in total and 5 
per cent in partial cervical fractures in his 
48 cases. None of his 4 patients with frac- 
ture of the atlas died, none showed cord 
symptoms. 

Miners with fractures of the cervical 
spine show cord injuries, as a rule. Hau- 
mann” reports 893 injuries of the spine, 
partially cases of his hospital, partially 
studied for giving his expert opinion. All 
10 cervical fractures treated by him showed 
cord symptoms, 3 died. Of the 23 patients 
studied in addition, 22, or 96 per cent, suf- 
fered from injuries of the cord and 20, or 
87 per cent, died within two days, 3 sur- 
vived. No fractures of the atlas are includ- 
ed in his record. Steiner,*’ in the University 
Hospital of Zurich, mentions 20 cervical 
fractures with Ig, or 95 per cent, cord in- 
juries and 70 per cent mortality (78 per 
cent of those with cord lesions). Paus?® re- 
cords 222 spinal fractures of the Norwegian 
national sickness insurance with a mortal- 
ity of $9 per cent in cervical fractures. 

The wide space within the atlas ring and 
the mechanism of the fracture of this ver- 
tebra make severe injuries of the cord rela- 
tively rare. Therefore the mortality is not 
high. Among 65 cases reported since 1909 
there were 9, or 13.8 per cent, deaths; 
among 34 added in this paper only 3, or less 
than 9 per cent, were fatal. In explanation 
of this difference in the lethal outcome in 
older and more recent reports it should be 
recalled that formerly an exact diagnosis 
was possible only by autopsy. In the last 
decades roentgen examinations have re- 
vealed the nature of the injury during life. 

As soon as four or six weeks after the ac- 
cident, the stiffness in the neck may disap- 
pear. In other instances complaints remain 
for three or many more months in spite of 
treatment with plaster cast, being relieved 
only after years. Union of the fragments 
takes place very slowly. Callus is rarely 
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seen and pseudarthroses are common. 
Three and four months after the injury the 
fragments are reported ununited, other 
cases show union after nine and ten 
months.* Except for the girl with wide bi- 
lateral discontinuity in the posterior arch,*° 
only one more patient of ours could be re- 
examined. He showed a widely open frac- 
ture gap after seven and a half months 
(Fig. 4B). Fractures of the axis are likewise 
known for their lack of callus formation. 

As recently specified by Hall,“ the re- 
covery after all kinds of injuries partially 
depends on whether or not the patients are 
receiving compensation. Wherever finan- 
cial aid in invalidity is involved the results 
may be overshadowed by the expectation 
of remuneration. 

Generally patients with fractures of the 
atlas, if they survive at all, regain their full 
earning power. Where exact figures are giv- 
en™ the degree of capacity after a lapse of 
an initial period soon reaches 100 per cent. 
Failure to recognize the nature of the in- 
jury certainly can lead to an unsatisfactory 
result with an invalidity of 50 per cent.” 
The majority of authors of larger statistics 
on spinal fractures do not mention those 
of the atlas especially. Case reports reveal 
that most of the patients were able to re- 
sume their former occupation. 


SUMMARY 


1. Fractures of the atlas are now seen as 
typical injuries in automobile accidents. 

2. After a discussion of the anatomy, os- 
sification and variations of the first cervical 
vertebra, six cases of fracture of the atlas 
are reported. 

3. These fractures are produced by in- 


direct injury, by a force pressing the head 


against the spine fixed in a straight posi- 
tion. The wedge-like lateral masses are 
driven laterally by the pressure, bursting 
the atlas ring, and displacing the fragments 
laterally when the continuity in the anter- 
ior arch is interrupted. Another mechanism 
is that of extreme deflexion (extension), 
causing a fracture at the weakest point of 
the posterior arch close to the lateral 
masses on one or both sides. In a third 
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manner the odontoid process presses 
against the anterior arch, thus breaking it. 

4. Craniad dislocation in bilateral frac- 
ture of the posterior arch is explained by 
upward pull of the rectus capitis posterior 
minor muscle. 

5. An exact diagnosis is possible by 
means of roentgen examination; it is sup- 
ported by clinical signs of severe pain and 
stiffness in the upper neck. 

6. In addition to the techniques already 
used for the localization of fractures in the 
different parts of the atlas, the posteroan- 
terior view on intraoral film for visualiza 
tion of the anterior arch is described. 

7. Associated injuries are fractures of 
the odontoid process of the axis, those of 
other parts of the cervical spine and of the 
skull, dislocations of the atlas, etc. The 
width of the atlas ring and the lateral dis- 
placement of the fragments generally pre- 
vent cord injuries, while the close relation 
to the fracture site frequently causes injury 
to the occipital nerves, with neuralgia. 

8. Among conditions to be ruled out in 
differential diagnosis are mentioned mal- 
formations, traumatic and spontaneous 
dislocations of the atlas and injuries to the 
remaining cervical spine. Arthritis, osteo- 
myelitis and tuberculosis, tumor metasta- 
ses and diseases of the nervous system are 
also considered in view of the late symp- 
toms of a fracture of the first cervical ver- 
tebra. 

g. Treatment consists in immobilization, 
plaster cast, traction and eventual opera- 
tion. 

10. In the further course, lack of callus 
and pseudarthroses are common. 

11. The fatal result in recent years of 
only g per cent in fractures of the atlas is 
compared with the extremely high mortal- 
ity in fractures of the other cervical ver- 
tebrae, and statistical material is reviewed. 

12. A table reporting 93 fractures of the 
atlas from the literature is added showing 
the nature of the accident, anatomic diag- 
nosis, presence of cord and nerve injuries, 
complications and final results. An over- 
whelming majority of the patients recover 
to full occupational activity. 
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CANCER OF THE OVARY AND ITS TREATMENT* 


By CURTIS F. BURNAM, M.D. 


BALTIMORE, MARYLAND 


S MIGHT be surmised from the physi- 

ology and anatomy of the ovary, 
primary cancer developing in this organ is 
a frequent occurrence. Autopsy studies, of 
which there are a number in the literature, 
indicate that secondary is more common 
than primary involvement of this organ. 
In general, secondary metastatic cancer to 
the ovary is of no clinical importance. It is 
rarely recognizable except at autopsy and 
is not amenable to any treatment now 
available to the medical profession. An 
exception should be made to this state- 
ment in connection with the Krukenberg 
tumor, secondary to gastric and intestinal 
cancer. Here, the primary tumor is often 
symptomless and extremely small, but the 
ovarian metastasis, very large. So far as is 
known, a Krukenberg tumor, from the 
therapeutic standpoint, is hopeless, but 
there is a diagnostic pointer in connection 
with the study of these cases. It is particu- 
larly important, in ovarian cancer, before 
undertaking any treatment, to exclude 
diseases of the stomach and intestines. 
Fortunately, these tumors, from the stand- 
point of the clinician, are comparatively 
rare. Benign new growths of the ovary far 
outnumber cancers and, indeed, the com- 
monest of all ovarian tumors—the corpus 
luteum and graafian follicle cyst—are now 
classified by the pathologists as “non- 
neoplastic.” 

An excellent picture as to the percentage 
of occurrence is afforded by 555 consecutive 
cases from the Johns Hopkins Hospital 
records. There were found 248 cystad- 
enomas, 86 papillary cystadenomas, 81 
cancers, 33 fibromas, 15 sarcomas and go 
dermoids, and 2 unclassified tumors. The 
cystic tumors greatly predominated and 
were frequently found malignant on 
thorough microscopical study. Often, the 
malignancy was confined to a small portion 
of the tumor. While other and equally as 


extensive statistics vary somewhat in the 
proportions here given, the variance is not 
greater than would be expected from the 
limited material available at any one clinic. 

It should be clearly kept in mind that in 
all the earlier stages of ovarian tumor, and 
in many of the later stages, there are no 
facts as to occurrence, age, race, etc., or 
symptoms or findings by which malig- 
nancy can be excluded as a_ possibility. 
Furthermore, among the true tumors, 
there is a marked tendency for primarily 
benign growths to undergo malignant de- 
generation. This applies to epithelial, con- 
nective tissue and dermoid tumors alike. 
Furthermore, uterine tumors in the ad- 
vanced stages, chronic adnexal inflamma- 
tory masses, and growths in the sigmoid 
and upper rectum, are at times extremely 
difficult to differentiate from ovarian 
tumors, and not infrequently the actual 
diagnosis can only be made by an explora- 
tory operation, While radiation is of great 
value in the treatment of tumors of the 
endometrium and also in granulosa cell 
tumors of the ovary, it cannot be exten- 
sively applied to these conditions because 
of the above mentioned difficulties in pre- 
operative diagnosis. It is well to keep in 
mind that all of the benign ovarian neo- 
plasms can be adequately and well treated 
by surgical procedure and that, in general, 
irradiation in these conditions is not ef- 
fective. Exploratory operation is not neces- 
sary in the perfectly evident inoperable 
and far advanced cancers in this group. 
Irradiation should be started withou: an 
exploratory operation. 

The first step to take in treating a 
definitely diagnosed or suspected ovarian 
tumor is an abdominal operation. The 
character of the operation which follows 
the exploration should depend on the find- 
ings. If cancer is found—that is, carcinoma 
or sarcoma—and it is possible to remove 


* Read at the Fifth International Congress of Radiology, Chicago, Ill., Sept. 13-17, 1937. 
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radically, an operation should be carried 
out, not only removing the tumor, but the 
pelvic organs in their entirety, even if they 
look normal. Whenever an ovarian tumor 
is removed, it should immediately be sub- 
jected to thorough inspection, both gross 
and microscopic, to determine if there is 
any evidence of malignant degeneration. 
Aspiration biopsies are contraindicated in 
this field. 

Fully 25 per cent of the patients with 
cancer of the ovary, subjected to explora- 
tory operations, will be found to have 
lesions so far advanced that there is no 
hope of complete extirpation, and more 
than so per cent of them, at the time of 
operation, are bilateral. When the condi- 
tion obviously is too advanced for radical 
removal, our opinion is that the operation 
should be limited to a simple biopsy. The 
idea of removing as much of the tumor as 
possible, and leaving the rest for irradia- 
tion, is a pernicious conception. It is true 
that this view does not always apply to 
cases of ovarian papilloma, a semi-malig- 
nant condition in which there is in- 
volvement of one or both ovaries, with 
metastasis over the peritoneum. In this 
particular group of cases, not considered in 
this paper, the removal of the frequently ac- 
companying ascites and of the primary 
growth is often followed by periods of 
greatly improved health, and in some 
cases there is, apparently, a clinical cure 
through spontaneous disappearance of the 
peritoneal implants. 

The permanent results of complete surgi- 
cal removals have not been strikingly satis- 
factory from the standpoint of permanent 
cures. This is due to the great tendency to 
metastases from these tumors, and also 
to the fact that they are rarely subjected 
to surgery in their earlier stages. Malig- 
nancy developing in a benign cyst presents 
a better outlook than primary cancer. This 
is well shown in Meigs’ series, where the 
relative proportion of five-year cures in 
cancerous cysts is 22.2 per cent, and in solid 
cancers of the ovary, only 6.3 per cent. To 
the reader interested in the details of 
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surgical methods and results, it is recom- 
mended that he consider the original papers 
of Meigs,'® Bernstein,? Lynch,® Studdiford 
and Holladay™ and Norris.” There is, as 
yet, available in the literature very little 
information as to the prognostic value of 
histological typing and grading. What is 
evident, however, is that operation needs 
help by other methods. It would be of great 
benefit to those treating cancer of the ovary 
if irradiation methods could be developed 
which would cure a number of these 
patients. 

From the theoretical viewpoint, it has 
always been obvious that huge, deep- 
seated tumors, such as those constituting 
the group under consideration, could not be 
effectively treated by either contact or 
interstitial employment of radium. This 
has been amply substantiated by actual 
experience. Such success as has been ob- 
tained in treating ovarian cancers by ir- 
radiation has been largely through the use 
of deep roentgen therapy. Our own experi- 
ence has been partly with deep roentgen 
therapy and partly with teleradium, using 
4-gram source for the irradiation. Certain 
facts stand out from our own personal ex- 
periences. These are that there is a wide 
difference in radiosensitivity of the differ- 
ent ovarian tumors, that a large majority 
of these tumors are radioresistant, and that 
the depth and extent of the disease makes 
adequate intensive dosage to all parts of 
the tumor extremely difficult, if not impos- 
sible. 

Favorable results have been reported by 
Keene, Pancoast and Pendergrass,’ Ford,‘ 
Heyman, Neill," and others. Meigs is very 
doubtful of any beneficial results from 
roentgen therapy and has had no curative 
results. Lynch reports some favorable re- 
sults but warns against enthusiasm for 
irradiation and points out that the criteria 
of judging the effects of irradiation are 
often very difficult because of the course 
that certain cases take after operation with 
no irradiation. In the discussion, Lynch’s 
views were corroborated by most of the 
other commentators. Healy is more opti- 
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mistic and speaks of two extremely satis- 
factory results. 

Excluding from consideration all non- 
malignant tumors and also the semi-malig- 
nant papillomatous cysts with peritoneal 
metastasis, our experience includes 139 
cases, treated between 1916 and 1932. Of 
these, 127 were cancer and 12 satcoma. 
They were all advanced, inoperable, or 
recurrent growths, and in all but 7 the 
diagnosis was confirmed by operation, 
biopsy and microscopical study. Naturally, 
in a group of this size, there were observed 
great variations in the general conditions 
of the individual patients. Some were run- 
ning fevers, were very emaciated and ill, 
and showed signs of infection and inter- 
ference with abdominal organic function 
from pressure and invasion of the tumors. 
The favorable results obtained by treat- 
ment were, almost without exception, con- 
fined to those persons in whom, despite the 
advanced stage and extent of the growth, 
the general physical condition was still 
excellent. 

We have not followed any fixed plan of 
treatment to be used in every case. As far 
as possible, the cases were strictly in- 
dividualized. First, from the physical 
examination, the history and findings by 
operation, the extent of the growth was de- 
termined, its histological character studied, 
and a plan of irradiation instituted to give 
as thorough treatment to the whole tumor 
as possible, with a minimum of disturbance 
to the patient. Where teleradium was em- 
ployed, multiple portals were used, and the 
treatment carried out at daily intervals, or 
at intervals of every two or three days, 
depending on the tolerance to irradiation 
of the patient. Everything possible was 
done to treat without producing irradiation 
nausea or any other disturbance. A similar 
plan has been pursued in the treatments 
where roentgen irradiation was employed. 
In some instances, after a series of treat- 
ments had been completed and a recession 
of the tumor noted, an interval of several 
weeks was allowed to elapse before resum- 
ing treatment. During the course of treat- 
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ment, and subsequently, the patients have 
been checked as to physical findings re- 
garding the tumor, their general condition, 
blood picture and all other clinical data 
that we felt had a bearing on the problem 
of effective therapy. In the patients who 
did not show improvement after a fair 
amount of radiation, the treatments were 
generally discontinued. In some cases, 
however, this course was not followed and 
we kept on with the treatments. Our im- 
pression is that nothing is gained and often 
harm is done by over-irradiation. 

In each case, an attempt was made to in- 
clude the entire tumor through each portal. 
Where radium was employed, a uniform 
distance of 10 cm. and 2 mm. of lead 
filtration, were the physical factors, and 
daily dosage varied from 5 to 10 gram- 
hours. The total dosage ran as high as 200 
or 300 gram-hours in some cases, and the 
average in the successful cases was about 
100 gram-hours. Where we employed 
roentgen rays, the physical factors were 
250 kv., 50 cm. distance, 1 mm. of copper, 
2 mm. of aluminum, and 3 or 4 mm. of 
sponged rubber: 

Complete disappearance of large tumors, 
with a few exceptions, was observed only 
after several months of treatment and ob- 
servation. The ages of the patients varied 
from thirteen to seventy-five years. Most 
of the cases occurred in the period between 
forty and sixty years of age. Irregular 
menstruation was noted in about 35 per 
cent of all the cases. We have had a number 
of patients pass the five-year period of ob- 
servation, in fairly good health, but with- 
out complete disappearance of the tumor. 
These are not included in our report, as 
there is no attempt to determine the ques- 
tion of prolongation of life and ameliora- 
tion of symptoms, but whether it is possible 
to cure absolutely a malignant tumor of the 
ovary by irradiation. For this reason, the 
cases reported as cured are those in which 
every sign of the tumor has disappeared, 
and in which the general condition of the 
patient indicates no disease. 

All of these patients were treated either 
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by myself, Dr. William Neill, or by Dr. 
Howard A. Kelly, at the Howard A. Kelly 
Hospital. The first cured case dates from 
1916 and the last case considered in this 
series was treated in 1931. Of the 127 carci- 
nomas, 32, or about 25 per cent, showed 
marked clinical improvement as a result of 
the treatment. Of the 32, 12 have remained 
apparently free of disease for periods of 
from six to nineteen years. Of the 12 sar- 
comas, 6, or 50 per cent, showed definite 
clinical improvement and of the 6, 2 cleared 
up entirely—one for twelve years and one 
for twenty-one years. All of these patients 
are living and well, and none have shown 
signs of any recurrence. 

Taking the entire group, the average ap- 
parent cure has been a little over ten years. 
The percentage of cures in the carcinoma 
cases is nearly 9.5 per cent; in the sarcomas, 
the rate is a little more than 16.5 per cent. 
So far as the histological grading is con- 
cerned among these cured cases, only 2 
—one a sarcoma and one a carcinoma— 
belong to the extremely high grade anaplas- 
tic type of tumor. The others represented 
the ordinary ovarian carcinoma. We have 
observed, in 2 cases still under observa- 
tion, extremely radiosensitive tumors in 
two seminomas. These were both in chil- 
dren and are not included in this series. 
Similar reports have been made, in refer- 
ence to the radiosensitivity of this tumor, 
by Béclére,! Keijser,s Hoche,® and Dou- 
brére.’ 

CONCLUSIONS 


A study of our cases convinces us that 
radiation therapy does have a place in the 
treatment of malignant tumors of the 
ovary, and that combined with operative 
procedures and early diagnosis, the results 
in the future ought to be markedly im- 
proved over those so far obtained. It is 
obvious that all inoperable tumors, except 
those with general metastases, and those 
in very bad physical condition, should be 
given a trial by irradiation. It would also 
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seem that postoperative irradiation should 
be given in most cases where a complete 
and apparently radical operation has been 
carried out. We have no available statistics 
in our clinic as to the benefit which might 
follow such prophylactic treatment. Ob- 
viously, the irradiation could only be given 
to the pelvis and a great many of the cases 
of ovarian cancer die from more remote 
metastases; however, a number of them 
develop local lesions in the pelvis as the 
first evidence of recurrence. 
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LATE BLADDER COMPLICATIONS FOLLOWING 
APPLICATION OF RADIUM TO THE 
UTERUS OR UTERINE CERVIX 
REPORT OF THREE CASES 
By ANDREW McNALLY, B.S., M.D. 


Associate Urologist, St. Luke’s Hospital 
CHICAGO, ILLINOIS 


| Seems therapy in the treatment of 
carcinoma of the female genital organs 
is a well-established procedure and when 
correctly applied is productive of but little 
change in the surrounding organs and tis- 
sues. At times, however, even in the hands 
of those of long experience in this type of 
therapy, serious radiation effects are no- 
ticed in the surrounding organs. Findley! 
states that pyometra, paremetritis and 

thrombophlebitis -are complications in 9 

per cent of cases even in the hands of the 

expert. Rectal complications varying from 

a mild proctitis to fistula formation have 

been described. Fatal accidents following 

radium therapy are very rare. Jeanneney 
and Authié? report the deaths of 2 pa- 
tients, one ten days and one five days fol- 
lowing the application of radium. Post- 
mortem examinations were not made. They 
discuss the following theories as to the 
cause of death. 

1. Infection diffused under the influence 

of radium. 

. Cardiovascular reaction which takes 
place with great rapidity under pro- 
longed and massive irradiation. 

3. Absorption of the products of cellular 

disintegration with shock. 

4. Azotemia produced by the shock of ir- 
radiation on damaged kidneys. 

. Embolism from clot or septic embolus 
from a thrombophlebitis in the region 
of the hypogastric vein. 

6. Hypervagotonia and endocrine dis- 
orders. The syndrome of hypervago- 
tonia appears to be similar to that 
caused by roentgen rays. The adrenals 
may be directly influenced by irradia- 
tion and may cause this state. 
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7. Hyperinsulinism resulting in hypo- 
glycemia and death. 


Of particular interest are the complica- 
tions of the irradiation which arise in the 
bladder wall. These have been divided into 
two stages: the early and the late complica- 
tions. 

The early complications include the 
acute catarrhal or hemorrhagic cystitis 
which rarely lasts longer than two to four 
weeks and is readily controlled with local 
treatment. Vesicovaginal fistula as an early 
complication is not common, and when it 
does occur is evidence of the presence of 
metastasis in the bladder wall which may 
have been undiagnosed. When _ bladder 
metastasis has been established radium 
therapy is contraindicated. 

The late complications include chronic 
bladder ulceration and necrosis and vesico- 
vaginal fistula. These lesions usually ap- 
pear from one to two years or longer after 
the application of the radium. These late 
complications are due to slow vascular 
changes, an obliterative endarteritis. The 
typical lesion consists of a central white 
avascular area surrounded by a zone of 
dilated vessels. If the damage to the blad- 
der wall is not too severe these lesions will 
heal with the formation of a white scar; 
otherwise the necrosis results in fistula for- 
mation. 

It should not be difficult to recognize a 
typical bladder lesion by cystoscopic ex- 
amination. However, at times the differen- 
tial diagnosis between late radium effect 
of the bladder and bladder malignancy is 
extremely difficult. The following case re- 
ports serve to illustrate this difficulty. 
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Fic. 1. Case 1. Photomicrograph showing poorly 
staining bladder wall with scar tissue. 


Case 1 (No. 235051). M. L, aged forty-two, 
entered St. Luke’s Hospital on October 16, 
1928, for treatment of suspected cancer of the 
uterus. After curettage she received 4,000 
mg-hr. of radium. She was next seen by Dr. 
L. E. Schmidt on May 26, 1930, complaining 
of increased frequency of urination during the 
day and nocturia accompanied by pain and 
terminal hematuria which had been present for 
five weeks. Cystoscopic examination revealed a 
mass about the size of a walnut on the floor of 
the bladder just above the trigone involving 
the left ureteral orifice. This mass seemed to be 
behind the bladder and to be elevating the 
bladder wall. There was some necrosis over this 
mass. This portion of the bladder was resected 
suprapubically without injury to the left ureter 
or ureteric orifice. The microscopic examination 
of the tissue removed was made by Dr. E. F. 
Hirsch and his report is as follows: “Consider- 
able portions in the sections are scar tissue and 
smooth muscle from the wall of the urinary 
bladder. There are some portions with vascular 
granulation tissue and on the surface of this 
granulation tissue is a leukocytic exudate. Con- 
siderable portions of the bladder wall are nec- 
rotic and poorly stained like tissue massively 
necrosed as the result of radium or some other 
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similar necrosing agent. There are small foci of 
chronic inflammation in the wall that consist 
of a little fibrous tissue and small round cells 
and plasma cells. Tumor tissues were not recog- 
nized in the sections” (Fig. 1). 

The patient was discharged from the hos- 
pital June 29, 1930, in good condition. 


Case 11 (No. 301802). B. M , aged sixty-six, 
entered St Luke’s Hospital in April, 1934. She 
stated that three years previously she had had 
two radium applications one week apart fol- 
lowed by three courses of roentgen therapy for 
labial pruritus. At the end of June, 1933, she 
first began to notice blood in the urine. Since 
the onset there have been only a few days in 
which the urine has been clear and the bleeding 
has increased in severity until at times the 
urine seems to be pure blood. She has some in- 
creased frequency of urination during the day 
but never gets up at night. She had been under 
the care of a physician for six months, having 
had three transurethral fulgurations of the 
bladder and many bladder irrigations without 
result. Cystoscopic examination revealed an 
area on the posterior bladder wall about the 
size of a dime, of warty deep red mulberry-like 
projections with evidence of recent hemorrhage. 


Fic. 2. Case 11. Photomicrograph showing dilated 
vessels lining bladder wall with small area of 
mucous membrane. 
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On distending the bladder more completely, 
these warty projections seemed to flatten out and 
cover an area the size of a quarter. No infiltra- 
tion of the vesicovaginal septum could be felt. 

On April 10, 1934, Dr. Schmidt resected this 
area suprapubically. The tissue report by Dr. 
Hirsch is as follows: “The tissues include the 
lining and wall of the urinary bladder. There is 
a chronic inflammation and an edema and a 
marked hyperemia of the lining tissues. The 
surface epithelium is desquamated except small 
portions that line shallow folds of the surface 
tissues. There is no penetration of these tissues 
into the underlying stroma” (Fig. 2). The pa- 
tient left the hospital in sixteen days in good 
condition. Three months later the hematuria 
recurred. Cystoscopic examination revealed the 
blood to be coming from a few of the same 
warty granulations at the upper edge of the 
scar. These were curetted. When last seen in 


January, 1936, the patient was wel! and had 
had no recurrence of the bleeding. 


Schroeder® reports 2 cases similar to 
Case u1. In one a broad area of deep red 
raspberry-like granulations but with a 
central necrotic area was seen in the fundus 
of the bladder. In the second similar le- 
sions bordered a typical necrotic area over 
the interureteric ridge. 

Radiation effects of the bladder wall can 
be differentiated from tumor involvement 
in most cases by the localization of the le- 
sion in the fundus above the interureteric 
ridge, by its distinctive appearance and by 
the absence of palpable infiltration in the 
vesicovaginal septum. In all cases wherein 
any doubt arises in the mind of the ex- 
aminer, biopsy specimens should be taken. 

Occasionally where there is a partial de- 
fect in the bladder wall when the epithe- 
lium has been lost, there is a deposition of 
urinary salts on the ulcer with incrustation. 
This can be broken off with the formation 
of bladder stones. Occasionally this in- 
crustation can involve practically the en- 
tire bladder causing the condition known 
as armor-bladder (‘‘Panzerblase”’). Von 
Mikulicz-Radecki‘ reports such a case. The 
formation of multiple bladder stones is 
illustrated by the following case report: 


Case 111 (No. 248688). M. S., aged thirty- 
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two, was seen at St. Luke’s Hospital on Sep- 
tember 23, 1929. She had been under treatment 
for two years for a carcinoma of the cervix, 
having had a radium application followed by 
courses of deep roentgen therapy. For the past 
four months she had been complaining of 
marked hematuria with frequency of urination 
amounting to every one-half to three hours 
during the day and two to eight times at night 
with terminal pain. The hematuria was severe 
with large clots being voided. She received 
more deep roentgen therapy at this time. Two 
months later a jagged calculus which was im- 
pacted in the urethra was removed. Following 
this, in the next two months about forty stones 
were passed from the bladder, one of which the 
patient herself crushed with her finger when it 
became impacted in the urethra. In April, 1930, 
after removal of two more calculi a biopsy 
specimen was taken which was insufficient for 
complete study and revealed only necrotic 
tissue. After this she was free from symptoms 
for almost one month when she began to pass 
many small stones. Because of continuance of 
the complaints a suprapubic cystotomy was 
performed on July 1, 1930, at which time 
curettement of the ulcer was performed. Pain 
in the bladder and urethra continued after this 
procedure and when the patient was last seen 
in March, 1931, cystoscopic examination was 
unsatisfactory due to large amount of necrotic 
material in bladder. Later information revealed 
that she had undergone ureteral transplanta- 
tion and cystectomy with fatal termination. 


In an attempt to observe possible sub- 
clinical changes in the bladder wall before 
ulceration or fistula formation had devel- 
oped, cystoscopic examination was per- 
formed on a series of 50 patients who had 
been treated with radium for carcinoma of 
the cervix on the regular Gynecological 
Service at St. Luke’s Hospital. Most of 
these patients had urinary complaints 
which had existed before the irradiation. 
In only 2 were any significant changes 
found. In each an area of dilated blood 
vessels was seen in the posterior bladder 
wall extending upwards from the inter- 
ureteric ridge. The rest of the bladder mu- 
cosa was negative. These areas of dilated 
telangiectatic vessels were considered to be 
minimal changes due to the irradiation. 
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SYMPTOMATOLOGY 


The symptoms of late radium effects of 
the bladder are lower urinary in character. 
Increased frequency of urination, both day 
and night, with pain or burning on urina- 
tion, at times suprapubic discomfort and 
hematuria which may be severe. With dep- 
osition of urinary salts and the formation 
of stone, stones may be passed from the 
bladder. 


TREATMENT 


The prophylactic measures for the pre- 
vention of bladder injury at the time of the 
irradiation are of utmost importance. Pel- 
vic infection and cystitis must be ade- 
quately treated before irradiation of the 
genital organs is carried out. Schmitz’ says 
“that irregularity of the posterior bladder 
wall whether due to infiltration of the 
vesico-vaginal septum or oedema contra- 
indicates the use of radium.” Von Miku- 
licz-Radecki says “that occasionally the 
location of a cancer requiring the use of 
radium is such that the neighboring organs 
cannot be considered if the treatment ex- 
pected to yield good results is carried out.” 
In radium treatment of carcinoma of the 
cervix infections must first be eliminated, 
proper screening used to remove irritating 
rays, the bladder kept empty by the use 
of the retention catheter, and the vagina 
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packed to the point of extreme distention 
of the fornices. 

After the necrosis is present it is impor- 
tant that no further radiation treatment, 
either with radium or roentgen rays, be 
used, and it is inadvisable to use either 
transurethral electrocoagulation or curet- 
tage of the lesion for fear of precipitating 
fistula formation. Mild bladder irrigations 
with boric acid or weak silver nitrate or 
instillations of argyrol or other mild anti- 
septic are indicated with the use of mild 
urinary antiseptics by mouth. 

It is important in the intelligent hand- 
ling of these patients to have cystoscopic 
examinations performed not only before 
the use of radium but also at regular inter- 
vals after the irradiation. 
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INTERSTITIAL USE OF LOW RADIUM CONTENT 
MONEL METAL NEEDLES IN TREAT- 
MENT OF ANGIOMAS* 


By HAROLD G. F. EDWARDS, M.D., F.A.C.P. 


Director, Tumor Clinic, Shreveport Charity Hospital 
SHREVEPORT, LOUISIANA 


6 tro paper is presented with the hope 
that the interstitial type of radium 
treatment of cavernous hemangiomas and 
lymphangiomas will attract enough at- 
tention and be considered of sufficient 
merit to warrant more frequent use of the 
method. The public, more so than the 
general practitioner, is becoming tumor 
conscious and demanding that something 
be done for the baby or child afflicted with 
angioma. The old belief that they should 
be let alone, that ulceration, trauma, in- 
flammation or thrombosis will frequently 
bring about a spontaneous regression is not 
warranted in the light of present-day 
knowledge of angiomas. While it is true 
that spontaneous regression may occur, 
it is unlikely, and when this does happen 
the results are not comparable to those 
obtained with radium. There should be no 
delay in instituting treatment for either 
type of angioma. The earlier the case is 
seen and treatment begun the better will 
be the results. Angiomas of long standing 
in older children will not respond to radium 
treatment as easily as when treated early. 
Furthermore, delays frequently mean an 
increase in the size of the angioma, with 
ulceration and resultant scarring. 

It is well known that both blood and 
lymph vessels are subject to neoplastic 
growth, forming two classes of tumors, the 
hemangioma and the lymphangioma. In 
this paper the several forms of hemangioma 
simplex will not be considered; only the 
cavernous types of hemangioma and 
lymphangioma will be discussed. 

The pathological anatomy of cavernous 
hemangiomas and lymphangiomas will not 
be reviewed nor the various theories as to 
their histogenesis. I accept the belief of 
Ewing,® “that the congenital origin of the 


great majority of angiomas speaks strongly 
in favor of a tissue predisposition as a 
prominent factor in their genesis.” 

Cavernous hemangiomas may be classi- 
fied into the following groups: (a) soft 
vascular tumors covered with normal skin 
through which the bluish-purple color of 
the tumor can often be seen; (4) tumors, 
deep purple in color with a smooth and 
sometimes papillomatous covering; (c) the 
classical red, strawberry-colored heman- 
gioma; (d) deep subcutaneous, muscle and 
submucous hemangiomas. 

It seems to be generally agreed that 
radium is the method of choice in the treat- 


Fic. 1. Section of cavernous hemangioma, showing 
cystic dilatations of blood vessels, lined by a single 
layer of endothelium, and filled with blood or serum, 


* Read at the Twenty-third Annual Meeting, American Radium Society, San Francisco, Calif., June 13-14, 1938. 
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Fic. 2. 4. L. R., aged nine months; cavernous hemangioma of forehead. Treated with seven 1 mg. radium 
monel metal needles, interstitially, forty-eight hours. B. Result shown three months later. 


ment of cavernous hemangiomas, but the 
type of application appears at great vari- 
ance with different operators. Surface or 
contact application seems to be the method 
most often used, the amount of radium, the 
filtration, etc., varying. A brief perusal of 
the American literature reveals the fact 
that the interstitial use of radium has been 
practiced by only a few. When surface 
radium treatment is employed it is usually 
necessary to make more than one applica- 
tion, waiting a long time between treat- 
ments, the plan usually requiring many 
months. Radium treatment acts chiefly on 
the endothelium of the veins and arteries 
in the hemangioma, producing an end- 
arteritis with disappearance of the elastic 
layers in the arteries and marked increase 
in fibrous tissue beneath the endothelial 
layer, gradually bringing about a fibrosis 
throughout the tumor with shrinkage. 
Williams and Traub," in 1925, in an 
excellent presentation, demonstrated the 
value of interstitial use of radium needles 
in cavernous hemangiomas. The needles 
they used were 5 mg. radium with wall 
filtration of 0.2 mm. platinum; one or two 
needles appear to have been used at one 
time and were left in the tissues two hours. 
Robinson," in 1925, in discussing radium 
therapy in dermatology, mentions the in- 


sertion of 10 mg. platinum radium needles 
into the hemangioma for a period of two 
hours. Johnson,‘ in 1926, reported the use 
of ten bare radon tubes, 2.5 me. in a 
hemangioma of the palate. Schmidt,” in 
1927, in discussing treatment of cavernous 
hemangiomas with radium, relates his ex- 
perience with the use of 5 or 10 mg. radium 
needles. In one of his cases, a four months’ 
old baby, ten 10 mg. needles were used in 
a hemangioma of the cheek for twelve 
hours; in another case, five 10 mg. radium 
needles were used for twelve hours, while 
in a like hemangioma in a child, two 8.5 mg. 
radium needles were used ten hours. In 
each of these cases he reported marked 
reaction, swelling, infiltration and soreness. 
Pancoast,® in discussing Schmidt’s paper, 
made the statement that he hesitated to 
use the interstitial form of radium treat- 
ment. Kaplan,° in 1927, spoke of the favor- 
able results from an interstitial plan of 
radium treatment, and later described the 
use of 1 and 2 mg. radium monel metal 
needles in the treatment of cavernous 
hemangiomas. Quigley’® mentions results 
seen in Wickham’s Clinic in Paris; he also 
-zports his own experience but makes no 
mention of the type of needles used. Bow- 
ing? reports the use of buried radium 
needles in a few cases with good results. 
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Withers and Ranson,“ 1927, in a brief 
article stress the value of interstitial use of 
radon implants of low content throughout 
the tumor. Baensch! advocates the use of 
platinum radium needles, containing from 
I to 4 mg. radium element, in the treat- 
ment of cavernous hemangiomas. Marin’ 
states that radium puncture is the pre- 
ferred method in the treatment of “‘tuber- 
ous forms” of angiomas. No detail as to 
the needles or dosage is given. 

A study of many of these cases will at 
once account for the unpopularity of the 
interstitial plan. Heavy radium needles of 
the old type, extremely heavy dosage, un- 
questionably prevented good results and 
discouraged its use. I doubt if a skilled 
radium therapist would today use 100 mg. 
radium for twelve hours in any hemangi- 
oma. Interstitial radium therapy in any 
condition has only become popular since 
low content needles have been available. 

Kaplan advances a sound reasoning for 
the use of radium in the treatment of 
hemangiomas, stating that the aim is to: 
“(1) destroy pathological tissue without 
injury to the normal surrounding or over- 
hanging epithelium; (2) allow the surface 
epithelium to return to normal after ir- 
radiation; and, (3) stimulate the normal 
process of repair so that the pathological 
tissues be replaced by wholesome scar 
tissue.” Surely the interstitial use of 
radium in low content needles, low filtra- 


Treatment of Angiomas 
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tion, comes nearer fulfilling this aim than 
any other form of radium treatment. 

The fear of hemorrhage, infection and 
other complications following interstitial 
low content radium needles is without 
foundation. Radium therapy is now on a 
surgical basis and should be carried out 
with meticulous care just as any other 
surgical procedure. 

I began to use low radium content monel 
metal needles in the treatment of cavernous 
hemangiomas early in 1932, having avail- 
able ten 1 mg. radium needles, total length 
25 mm., active length 16 mm., wall filtra- 
tion 0.3 mm. monel metal. A general 
anesthetic is rarely necessary. Morphine 
sulphate in doses of 1/64 gr. to each Io 
pounds of body weight, one hour before 
the operation, will produce sufficient nar- 
cosis, with the aid of a little local anesthesia 
at the needle puncture site, to permit in- 
sertion of the needles without difficulty. 
The needles are usually placed from 1.5 
to 2 cm. apart; occasionally, when the 
angioma is very large, the needles are in- 
serted at a greater spacing. When the 
angioma is small the needles are placed 
spoke-fashion. The needle is not completely 
buried as is done with the other type of 
radium needles, but inserted as far as the 
eye, and the threads cross-tied to hold the 
needles in place. My reason for not burying 
the needles is that their removal is much 
easier and more painless by this method. 


Fic. 3. 4. J. L., aged ten months; cavernous hemangioma of forehead. Eight 1 mg. radium monel metal 


needles, interstitially, twenty-four hours. B, Result following a single treatment. 
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Fic. 4. 4. M. C., aged three years; cavernous lymphangioma, upper lip. Treated with seven 1 mg. radium 
mone! metal needles, interstitially, thirty hours. B. Result shown one year following a single treatment. 


The needles are left in situ from twenty- 
four to forty-eight, and in some cases, 
seventy-two hours. Following the removal 
of the needles a weak alcohol dressing is 
applied; the field is redressed on the second 
day and the patient is permitted to return 
home, with instructions to remove the 
dressing in four or five days and apply only 
plain vaseline dressings, should a skin re- 
action occur. With twenty-four-hour ap- 
plications, noticeable skin changes rarely 
occur. When large angiomas are treated 
and longer applications made a mild ery- 
thema may occur. The avoidance of skin 
changes is the ideal goal. The patient re- 
turns for examination three months after 
treatment and nearly always there are 
good cosmetic results, with apparent dis- 
appearance of the angioma. An additional 
treatment is rarely given. 

Several months ago I secured some of the 
small radium element implants which were 
designed by Pack; these implants contain 
1.3 mg. radium and have a wall thickness 
of 0.3 mm. platinum, length 7.5 mm., being 
only a fraction larger than the removable 
radon implant. The growing popularity of 
these implants in the treatment of malig- 
nant tumors prompted me to extend their 
use to small cavernous hemangiomas, in the 
treatment of which I found them excellent; 
they are left in situ usually two or three 
days and, of course, are completely buried. 


12. 
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THE IOWA EXPERIMENT IN CANCER CONTROL* 


By ARTHUR W. ERSKINE, M.D. 


CEDAR RAPIDS, IOWA 


IME. is the essence of the successful 

treatment of cancer. Our results in the 
treatment of the curable types of cancer 
depend much more upon the stage of dis- 
ease at which our patients seek relief, and 
upon their ages, than they do upon our 
skill. It is delay that defeats us, delay by 
the patient or by his physician. When the 
present Cancer Committee of the Iowa 
State Medical Society was formed three 
years ago, it seemed to us that, since delay 
is so disastrous, we might be better occu- 
pied in devising practical methods of avoid- 
ing or reducing delay than in perfecting the 
technical details of our own art. In 1935 
3,245 persons died of cancer in Iowa. Of 
these deaths 1,200 certainly, and 1,500 
probably, could have been avoided. That 
number of lives could have been saved if 
the patients had been seen early in the 
course of the disease and treated with 
methods available in or near their com- 
munities. As a means to that end, we be- 
lieve that systematic, carefully controlled 
education of the laity is valuable. We be- 
lieve in lay education, not only because of 
its results in the control of tuberculosis, 
but also because of its effect upon the 
death rate in cancer of the skin and of the 
lip. 

Education of the laity to the fact that 
cancer of the skin or lip is curable in its 
early states has resulted in deaths from 
these conditions becoming very rare in en- 
lightened communities. There were only 
21 deaths from cancer of the lip in Iowa 
in 1935, and only 82 deaths from cancer 
of the skin. People in Iowa have learned 
that a chronic ulcerated spot in the skin, 
a scaly or warty growth, or a hard little 
lump in the skin that does not disappear 
or heal in a month, is something which 
demands immediate attention. They have 
learned that nearly all skin cancers can be 


cured; they have learned the necessity 
of seeking early advice. The present high 
recovery rate in skin cancer is due to their 
knowledge of these facts, and their willing- 
ness to act upon their knowledge, much 
more, probably, than to improvement in 
the methods used to destroy skin cancers. 

We are convinced that the methods of 
lay education so effective in the control of 
tuberculosis and skin cancer can be ap- 
plied to other types of cancer, especially 
cancer of the breast and the uterus. We be- 
lieve laymen should be taught that cancer 
of the breast is a painless disease at the 
start; that the discovery of any lump in the 
breast means a positive diagnosis must be 
made at once; and that cancer of the breast 
recognized in its primary stage, and treated 
with skill and courage, is curable in from 
70 to go per cent of the cases. 

Because the superstition still persists 
that women at the menopause must expect 
all sorts of menstrual disturbances, a con- 
siderable number of patients with cancer 
of the uterus do not seek expert advice un- 
til they begin to have pain, which usually 
means that the disease is far advanced. 
Any unusual or irregular bleeding, any un- 
usual or abnormal discharge, should indi- 
cate to an intelligent woman that an im- 
mediate, exact diagnosis is necessary no 
matter how much trouble may be required 
to make it, or how difficult it may be. If an 
exact diagnosis is made as soon as the pa- 
tient notices unusual or irregular bleeding 
or an unusual or abnormal discharge, 
enough cancers can be discovered at an 
early stage so that the number of cures can 
be doubled. 

We also believe that there is need for 
further education of the medical profession 
in cancer. Although there are five times as 
many deaths from cancer in the state each 
year as there are from tuberculosis, most 


* Read at the Fifth International Congress of Radiology, Chicago, II]., Sept. 13-17, 1937. 
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physicians are not as familiar with the 
standard methods of diagnosis or treat- 
ment of cancer as they are with the meth- 
ods of dealing with tuberculosis. On the 
average, each physician each year sees 
only three or four patients with cancer, one 
of whom dies. Then, too, cancer is a pro- 
tean disease, each type of which requires a 
great deal of study and is to be attacked in 
widely different ways. Therefore, it is not 
surprising to find that the doctor must bear 
some share of the responsibility for the de- 
lay in diagnosis and treatment of cancer, 
either because of his unfamiliarity with 
modern standard methods of diagnosis or 
because of his not unnatural reluctance to 
make an unpleasant and terrifying diagno- 
sis. Oftener than you would think possible, 
early cancers of the breast are treated until 
they become hopeless, by “watching and 
waiting,” or by a “don’t trouble it until 
it troubles you” attitude. We believe that 
the profession should abandon the idea 
that one can make a differential diagnosis 
clinically between early cancer and benign 
tumor of the breast. This is impossible, as 
even the experts who have wasted their 
time going about trying to teach it to their 
colleagues have learned to their own cha- 
grin and the sorrow of their patients. The 
discovery of a lump in the breast is a positive 
indication for immediate exploratory opera- 
tion. When the truth of this dictum is 
universally established in the minds of 
physicians and laymen as firmly as the 
fact that a diagnosis of appendicitis means 
an operation is established now, then, and 
not until then, will deaths from cancer of 
the breast begin to become almost as rare 
as deaths from cancer of the lip. 

Oftener than you would think possible 
in this enlightened age in which we live, 
middle-aged women tell their doctors that 
they have irregular and abnormal bleeding, 
or an abnormal or unnatural discharge 
only to be dismissed with the reassuring 
statement that they can expect such things 
with the change of life. We believe that 
physicians should learn that such symp- 
toms demand an immediate, exact, posi- 
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tive diagnosis and that such a diagnosis can 
usually be made only by a curettage or a 
biopsy. It is only occasionally that it can 
be made by an office examination. 

The Committee has lately distributed to 
the members of the Iowa State Medical 
Society a manual which sets forth simply 
and concisely what we conceive to be the 
minimum standards of diagnosis and treat- 
ment of cancer for Iowa physicians. You 
may ask, “Why Iowa?” Why should such 
standards not be the same everywhere? Yet: 
I think that after a moment’s reflection you 
will agree that there are geographic, eco- 
nomic, and, perhaps psychological condi- 
tions in our state which do not obtain in 
metropolitan centers. For example, it 
seems to be generally agreed that the ideal 
procedure would be to treat all cancer pa- 
tients at no cost to themselves, if necessary, 
in a large, centralized, completely equipped 
institution staffed by a group of highly 
specialized experts in every field of medi- 
cine. But ordinary common sense tells us 
that such an ideal is almost impossible to 
attain. Many of our people do not like to 
accept charity. They want to pay for what 
they get and many of them prefer to do 
without what they feel they can not afford. 
They hate to leave their homes and fami- 
lies and travel long distances to be treated 
by strangers in unfamiliar surroundings, es- 
pecially when they fear they may not 
return alive. They get homesick and dis- 
couraged and abandon treatment before 
they should. For these reasons, and many 
others, if we were invariably to insist upon 
institutional treatment, the death rate 
would be likely to rise instead of fall. In 
practice, therefore, the great majority of 
patients with cancer must now, and for 
some time to come, be treated in or near 
their own communities. We must do the best 
we can with what we have. And we can do 
better with what we have and what we 
know than we actually are doing. 

But there are other things than igno- 
rance and neglect which tend to promote de- 
lay in the diagnosis and treatment of can- 
cer. One of these is poverty and another is 
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our insistence upon always doing for every 
patient what is, theoretically, the best pos- 
sible thing. Going back again to our illus- 
tration of the conquest of cancer of the lip, 
when everyone believed the best treatment 
to be excision of the lesion with radical dis- 
section of the glands of the neck, the death 
rate was high, not because the treatment 
was bad, but because to the patients it 
seemed too extensive, too mutilating, too 
expensive, too time-consuming for what 
seemed to them to be such an insignificant 
disease. It was not until simpler, less ex- 
pensive, locally destructive methods were 
accepted and applied that any real prog- 
ress was made in reducing the death rate. 
May we not apply the same principle to the 
treatment of other forms of cancer? Why 
must we always insist upon doing the best 
possible thing, theoretically, for each pa- 
tient, when too often our insistence means 
that nothing will be or can be done? The 
patient with early cancer of the breast who 
would submit to a simple mammectomy 
but refuses or postpones a radical operation 
because she fears it may spread the disease 
or cripple her is just as dead as if we had 
exhausted all the skill and science at our 


The Iowa Experiment in Cancer Control 905 


command and still had failed. Is there not 
enough poverty, fear, ignorance, and super- 
stition in the world to justify our accepting 
as our axiom that “to accomplish anything 
worth while it is necessary to compromise 
between the ideal and the practical?” A 
number of the members of our Committee, 
perhaps a majority of them, believe that 
such a compromise is proper. 

We think we see a vision. We believe 
that Iowa is an ideal laboratory for the ex- 
periment in lay and professional education 
I have so sketchily outlined, because there 
is almost no illiteracy in the state, our peo- 
ple have more than average intelligence, 
and there still exists a greater degree of co- 
operation with, and confidence in, the med- 
ical profession than is found in urban 
populations. We hope that we can modify 
our ideas sufficiently to meet purely local 
problems and that we can be practical as 
well as scientific. 

We are confident that practical, common 
sense methods of dealing with the problem 
will produce a definite reduction in the 
death rate from cancer in the state within a 
few years. 
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THE BIOLOGICAL MEASUREMENT OF 
RADIATION QUANTITIES*} 


By P. S. HENSHAW, Pu.D., ano D. S. FRANCIS, Px.D. 


Biophysical Laboratory, Memorial Hospital 
NEW YORK CITY 


ROM a practical point of view it would 

be important to measure in a common 
unit all of the electromagnetic radiation in 
the therapeutic range (i.e., low voltage 
roentgen rays to the hardest gamma rays 
of radium). Such unification of measure- 
ment would undoubtedly facilitate the cal- 
culation and expression of radiation dos- 
ages, etc., but just what meaning it would 
have in radiobiology and clinical radiology 
depends on one other important considera- 
tion, namely, the question of the relative 
susceptibility of various tissues and cells to 
different qualities (wave lengths) of radia- 
tion. 

Numerous attempts have been made to 
measure ordinary roentgen rays and gam- 
ma rays in a common unit by physical 
means, but these have met with difficulty. 
Such difficulties, however, do not enter in 
when investigating the problem from a 
purely biological point of view. With the 
biological procedure, it is necessary only 
to subject the various living test objects 
to the different radiations and observe the 
relative effects produced. 

From what has thus been said, it is clear 
that, while the present discussion is being 
given under the general heading of meas- 
urement, it is equally important from the 
standpoint of wave length dependence in 
radiobiological reactions. 

If it is found, on the one hand, that the 
various test objects respond in relatively 
the same way to the different radiations, it 
follows that one radiation is as effective as 
another in bringing about radiobiological 
change, and further, that a common unit 
of measurement would have a broad and 
useful meaning and application. If, on the 
other hand, it is found that the test ob- 


jects respond differentially to the different 
radiations, it follows that the radiations are 
not equally effective and that a common 
unit of measurement would have a very 
limited meaning. In such a case, the appli- 
cation of such a unit would require a spe- 
cial consideration for every test object 
used. Hence, it is clear that irrespective of 
whether the results are positive or negative 
they will have an important bearing on 
radiological problems. 

During the past few years, remarkable 
progress has been made in the production 
of higher and higher energy radiations, and 
it has become possible to fill in the gap be- 
tween ordinary roentgen rays and gamma 
rays and even to produce radiations similar 
to gamma rays by artificial means. Be- 
cause of this the wave length problem has 
become prominent and questions such as 
the following are being raised by radiolo- 
gists: Do higher energy radiations produce 
a relatively greater destructive action on 
tumor cells than on normal cells, and can 
more favorable clinical results be obtained 
with higher energy radiations? 

Already a number of roentgen-ray out- 
fits are operating at voltages ranging from 
200,000 up to a million and more, and a few 
of these have been used to treat patients. 
While some results are available, it is dis- 
appointing that a clear answer to the wave 
length problem has not been forthcoming 
at once. The lack of immediate information 
may be regarded by some as evidence that 
differential biological effects are not ob- 
tainable with differ-nt qualities of radia- 
tion. While this ..ay seem a logical deduc- 
tion, it should be pointed out that it is dif- 
ficult to obtain parallel cases for compari- 
son and to provide treatment conditions 


* Read at the Fifth International Congress of Radiology, Chicago, IIl., Sept. 13-17, 1937. 
t Acknowledgment is made to the United States Works Progress Administration of New York City for assistance rendered under 
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with the different radiations which are 
strictly comparable. Thus, since it has not 
been possible to obtain satisfactory infor- 
mation on this subject in the clinic, it has 
seemed advisable to perform experiments 
with simpler organisms in the laboratory 
and determine whether differential biologi- 
cal results can actually be obtained with 
different qualities of radiation. It was with 
this in mind that the present work was 
undertaken. 

We have had at our disposal during the 
past several years, several qualities of radi- 
ation, ranging from low voltage roentgen 
rays to gamma rays of radium, and the ef- 
fects of these have been investigated on a 
number of test objects. In addition to a 
direct comparison of the different radia- 
tions made in air, comparisons were also 
made with biological materials in different 
positions with respect to a scattering medi- 
um. This was done to reproduce the condi- 
tions of therapy as nearly as possible, but 
the procedure widened the wave length 
range, as we shall see. 

The experiments, therefore, consisted of 
three main types: (1) a direct comparison 
of the effectiveness of the different radia- 
tions with the biological materials irradi- 
ated in free air, (2) determination of rela- 
tive depth doses as detected by the effect 
produced on the different materials, and 
(3) determination of the relative back- 
scattered radiation by the same procedure. 

The entire program of experimental 
work which has been undertaken is not 
completed as yet, but enough data are 
available to indicate clearly that differen- 
tial biological effects can be produced with 
different radiations for conditions met with 
in practice. As might well have been ex- 
pected, not all organisms showed a differ- 
ential effect and only certain ones were 
satisfactory for a complete comparison. 


RADIATIONS EMPLOYED 


The radiations used were as follows: 30 
kv. roentgen rays; 200 kv. roentgen rays; 
650 kv. roentgen rays; gamma rays (4 gm. 
radium element pack). In relative energies, 
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these bear a general relationship to each 
other, as shown in Figure 1. The roentgen- 
ray points shown represent peak voltages, 
while the gamma-ray point represents an 
estimated peak voltage required to produce 
a beam of radiation by artificial means 
which would be similar in quality to gam- 
ma rays from radium B and C. 
5 Lo Ls 20 


25 MEM. 


30 KV 200K.V. 1700 KY. 


(GAMMA RAYS) 


Fic. 1. Million electron volt scale showing the 
energy relations of the radiations used. 


TEST MATERIAL 


The list of test material included the fol- 
lowing: 
Seedlings: 
Lactuca sativa 
Triticum aestivum 
Lycopersicum esculentum 
Drosophila melanogaster: 
eggs 
pupae 
Luminous bacteria: 
Achromobactor fisherii 
Yeast: 
Saccharomyces cerevisiae 
Tumor fragments: 
Mouse sarcoma 180 


Such effects as number surviving, amount 
of linear growth, rate of population in- 
crease, power of luminescence, transplant- 
ability, etc., were observed, depending on 
the characteristics of the organisms con- 
cerned. For the sake of brevity, the present 
discussion will center mainly around cer- 
tain experiments with Triticum and Lyco- 
persicum since these organisms have clearly 
shown differential responses. 


EXPERIMENTS WITH TRITICUM 
AND LYCOPERSICUM 


Figure 2 shows the effect of radiation and 
how relative irradiation effects are mani- 
fest when Triticum seedlings are treated. 
To obtain a quantitative measure of the 
various effects, it is necessary only to deter- 
mine the relative linear growth of a given 
organ or organs. For the most part, the 
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Mimutes Sxposure to X-rays 


9.5 r/min 


Fic. 2. Photographs of Triticum seedlings showing 
germination periods and the retardation of growth 
produced by different amounts of radiation. The 
organisms were irradiated after eighteen hours’ 
germination and the linear growth was measured 
after 120. Those in the lower figure were given 
varying doses of radiation as indicated and all 
had 120 hours of germination when the photograph 
was made. 


primary root was used in the work which 
is to be presented here. In order to increase 
the accuracy of results obtained, large 
numbers of organisms (several thousand 
for each experiment) were measured. 

Exposures in Air. Of the three types of 
investigation carried out, the first dealt 
with effects produced by irradiating the or- 
ganisms in free air with 200 kv. roentgen 
rays and gamma rays. These radiations are 
widely different in quality and have the ad- 
vantage of being readily available. 

In order to have the effective intensities 
of the two radiations in somewhat the same 
order of magnitude, and to keep the roent- 
gen-ray beam constant, an ionization cham- 
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ber, Chamber A (small celluloid spherical 
type), was used to check the output in each 
case. This was placed under the pack at the 
point of treatment and the intensity was 
found to be 12.2 “equivalent” roentgens 
per minute. The roentgen-ray intensity was 
then adjusted to be 12.2 per minute at the 
point of treatment and subsequently kept 
the same for all tests. 

The results obtained with Triticum and 
Lycopersicum are shown in Figure 3. The 
abscissae show dose of radiation in minutes’ 
exposure while the ordinates show the 
amount of growth in terms of the non-irra- 
diated controls, the latter being taken as 
100 per cent. The downward trend of the 
curves, therefore, indicates the falling off 
of growth as the amount of treatment is in- 
creased. 

Taking the curves for Triticum, it will 
be seen that the roentgen-ray and gamma- 
ray curves are approximately similar in 
shape but are separated. The amount of 
separation at corresponding levels is shown 
in the inset table and the ratio of difference 
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Fic. 3. Curves showing the retardation in growth of 
Triticum and Lycopersicum after being exposed to 
certain specific beams of 200 kv. roentgen rays and 
gamma rays. 
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in each case is shown in the last column. 
Taking the roentgen-ray effect as 1, the 
averaged ratio indicates that approximate- 
ly 1.54 times as much gamma radiation is 
required to produce the same effect as the 
roentgen rays at any point. This means 
that, for the radiations as used, the roent- 
gen rays were around $4 per cent more ef- 
fective than the gamma rays. 

Considering the curves for Lycopersicum, 
it will be seen that they lie closer together 
and that their position with. respect to each 
other is reversed. Determining ratios at 
corresponding levels and again taking the 
roentgen-ray effect as 1, the averaged ratio 
comes out to be 0.89. Thus, in this case, the 
gamma rays are more effective and by the 
amount of 11 per cent. Since the differences 
in the two cases are in opposite directions, 
it is proper to add the 11 per cent to the 54 
per cent to obtain the net differential ef- 
fect. This, therefore, amounts to 65 per 
cent, Triticum being more sensitive to the 
roentgen rays and Lycopersicum more sen- 
sitive to the gamma rays. 

Depth Doses. Having observed a certain 
wave length dependency by using one 
method, an attempt was made to observe 
it another way. 

The “softening” or increase in wave 
length which a beam of roentgen rays or 
gamma rays undergoes upon passing 
through a scattering medium is now well 
recognized. Thus, a beam of radiation hav- 
ing a certain quality at its source may have 
quite a different quality within a medium 
due to repeated scattering of the rays as 
they traverse the material. The relative ef- 
fectiveness of different qualities may there- 
fore be tested by placing test materials on 
the surface and at various depths and ob- 
serving the relative effects produced by a 
given beam of radiation or by different 
beams. 

Figure 4 shows a stack of paraffin or 
phantom as used for this work. Test mate- 
rial -was placed on the surface of the 
phantom and in shallow cavities made in 
the surface of each of the upper layers (ap- 
proximately 3 cm. thick). Paraffin was used 
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Fic. 4. Paraffin phantom as used for the biological 
measurement of depth doses. 


because it has about the same atomic 
weight as tissues and therefore about the 
same absorbing and scattering properties 
for radiation. 

A medium such as paraffin is known to 
have two general actions on a beam of radi- 
ation passing through it. First, it acts as an 
absorber and tends to decrease the radia- 
tion intensity; and, second, it acts as a 
scattering agent and tends to increase the 
intensity. The two factors, therefore, are 
antagonistic to each other. At the surface 
of the medium the radiation intensity is 
increased only. This is because at that 
point the absorption factor is zero. In ad- 
dition to the full amount of incident radia- 
tion at this point, there is the secondary 
component which is scattered in the back- 
ward direction. This has been measured by 
physical means and found to range from 
zero to more than $0 per cent of the inci- 
dent beam, depending upon certain factors 
(quality of the incident beam, distance, 
size of field irradiated, etc.). As we shall 
see, the back-scattered radiation for a giv- 
en beam of radiation can be measured bio- 
logically by comparing the effects obtained 
in free air with those obtained on the sur- 
face of a scattering medium. Passing in- 
ward from the surface, the absorption factor 
increases rapidly and the secondary com- 
ponent becomes a larger and larger part of 
the radiation present at any point. As a 
consequence, the net result is a decrease in 
intensity and an increase in wave length as 
the depth of the medium increases. 

Before presenting the actual depth dose 
curves, however, mention must be made of 
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the influence of the distance factor alone 
on the results in order that the course of the 
curves obtained may be understood. As in- 
dicated in Figure 5, so cm. was the distance 
from source to material in the case of ro_nt- 
gen rays, whereas 6 cm. was the distance in 
the case”of gamma rays. As shown in the 
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case, indicates how the effect dropped off 
as the depth increased. Results obtained 
with the ionization chamber (Chamber A) 
are shown along with those for Triticum 
and Lycopersicum, mainly for purposes of 
orientation. 

Taking the ionization curves, it will be 
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cM. PERCENTAGE INTENSITIES 
DEPTH | 200 Kv x-RAYS| GAMMA RAYS 
A- 0.00 100 100 
B- 3.15 88.5 43.0 
C- 6.30 79.0 23.1 
D- 9.45 70.8 15.1 
12.60 63.8 10.4 
F-15.70 57.8 7.6 


Fic. 5. Diagrams showing distance relationships and the influence of the inverse square law 
when the different radiations were used. 


inset table, the inverse square law alone 
causes the intensities at the different levels 
in the paraffin, in the two cases, to be very 
different. Keeping this in mind, the differ- 
ences manifest for the roentgen rays and 
gamma rays are more easily understood. 

Figure 6 shows the results obtained. The 
abscissae in the graphs represent centime- 
ters depth in the paraffin phantom and the 
ordinates relative effects obtained, that at 
the surface being taken as 100 per cent. 
The downward trend of the curves, in this 


seen that the one obtained with gamma 
rays drops away much more rapidly than 
the one obtained with roentgen rays. This 
is due mainly to the inverse square law as 
just mentioned and does not interfere with 
the observation of differential effect which 
is manifest mainly by a separation of the 
curves. Turning now to the differential ef- 
fect, it will be noted that in case of the 
roentgen rays the three curves follow the 
same general course and that the separa- 
tion between them is small. In the case of 
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gamma rays, on the other hand, the situa- 
tion is very different in this respect. The 
curve for Triticum crosses that for Cham- 
ber A and rises above it in the lower part. 
In the region of 12 to 15 cm. depth Triti- 
cum detects about twice as much radiation 
as does the ionization chamber. The cross- 
ing of the curves is more strongly borne 
out in results not shown here so that this 
is probably a real rather than an accidental 
effect. This shows that whereas Triticum 


organisms to the radiation at that level. 
This is in marked contrast to the condition 
obtained with roentgen rays where the dif- 
ferences were slight. From the data, there- 
fore, two facts become apparent: (1) that 
Lycopersicum is much more sensitive to the 
secondary radiation of gamma rays than 
Triticum, and (2) that it is much more sen- 
sitive to the secondary radiation of gamma 
rays than to the secondary radiation of 200 
kv. roentgen rays. 
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Fic. 6. Depth dose curves obtained with 200 kv. roentgen rays and gamma rays using 
ionization Chamber A, Triticum and Lycopersicum. 


detected more radiation at the greater 
depths, Chamber A detected more at the 
shallower depths. This in itself would be 
strong evidence of differential effect at dif- 
ferent levels in the medium, but even great- 
er differences are manifest when Lycoperst- 
cum is considered. 

The Lycopersicum curve is much above 
the other two in every respect, indicating 
that this organism is relatively much more 
affected at the various levels or that it de- 
tects much more radiation. Since the radia- 
tion remains the same at any given level 
irrespective of the test object placed there, 
these results are a clear demonstration of 
a differential response on the part of the 
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Back-Scattered Radiation. In order to de- 
termine the back-scattered radiation at the 
surface of the paraffin phantom, the results 
obtained at the surface were compared with 
those obtained in free air at the same point. 
Any increase in effect produced with the 
phantom, therefore, is due to back-scattered 
radiation as mentioned above. 

A number of test objects have been ex- 
posed in this way using 200 kv. roentgen 
rays and irradiating a 400 sq. cm. field at 
the surface of the phantom. The results 
are shown in Table 1. The values in each 
case represent percentage increase in effect 
due to the phantom, the effect in air being 
taken as 100 per cent. 
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BACK-SCATTERED RADIATION-——-200 KV, 
ROENTGEN RAYS 


(Percentage of effect produced in air) 


Test Object Amount 
Lactuca 68 
Chamber A 55 
Drosophila Eggs 50 
Triticum 46 
Sarcoma 180 30 
Lycopersicum 10 


As seen, the back-scattered radiation 
detected varied from 10 to 68 per cent, all 
conditions of irradiation remaining the 
same. Here again, since the radiation was 
the same in each case irrespective of the 
test object used, the differences must rep- 
resent a differential response on the part of 
the test objects to the radiations used—the 
incident beam alone in one case and the in- 
cident beam plus the back-scattered com- 
ponent in the other. Similar experiments 
have been carried out with gamma rays as 
the incident radiation and it appears that 
even wider differences are manifest. These 
are not sufficiently far along at the present 
time to warrant publication. It is notable, 
in the case of the roentgen-ray experi- 
ments, that Lycopersicum is again less sen- 
sitive to the softer radiation than Triticum. 


DISCUSSION 


In three separate tests, therefore, Ly- 
copersicum has been found to be relatively 
more affected by the higher energy radia- 
tions than Triticum. The difference has 
by no means been the same in each case, 
but this is as would be expected if there is 
a wave length dependence, for the wave 
length of radiation was different in each 
situation. Thus, since there is a general 
agreement among the results obtained in 
different ways, and since these findings are 
in line with others which we have not had 
time to present here, we have no hesitation 
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in saying that there appears to be a wave 
length dependence among radiobiological 
reactions for the test objects and conditions 
used. Experimental details, quantitative 
results, and the measures of reliability 
used, etc., will be published in order that 
the accuracy of the work may be judged. 

The explanation of these findings is like- 
ly to become one of the interesting phases 
of radiobiology and atomic physics, but it 
is beyond the scope of this paper to even 
mention possibilities. From a_ biological 
point of view, it is an impressive fact that 
a pair of organs in different seedlings whose 
cells are practically indistinguishable under 
the microscope should display such a 
marked differential response to the differ- 
ent radiations. The effect, therefore, ap- 
pears to be associated with the factors 
which are responsible for species identity 
in organisms. Thus, the wave length de- 
pendence scheme of investigation may of- 
fer a new means of studying genes and other 
biological regulators. 


CONCLUSIONS 


(1) In the light of the above findings and 
from what was said in the introduction, it 
is clear that the idea of measurement uni- 
fication having a broad and useful applica- 
tion is, at the most, problematical. 

(2) Much encouragement, however, is 
given to the idea of increasing treatment 
efficiency by properly selecting the quality 
of radiation to use, and it would seem that 
the tedious and difficult task of determin- 
ing the relative susceptibility of various 
normal and tumor cells to different quali- 
ties of radiation is fully justified. 


We wish to express our indebtedness to Dr. G. 
Failla for his interest and helpful suggestions 
throughout the course of the work and to the follow- 
ing for invaluable assistance: Messrs. M. D. 
Schweitzer, I. Cohen, A. T. Reingold, and Misses 
H. Osentowski and K. Robinson. 
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STUDIES ON ROENTGEN CINEMATOGRAPHY OF THE 
INTERNAL ORGANS AND CIRCULATION OF 
THE BLOOD OF THE HUMAN BODY* 


By DR. KUNIO KAWAISHI 


Associate Professor of Surgery, Nagoya University of Medicine 
NAGOYA, JAPAN 


AM very glad to be able to attend and 

take part in this meeting as a member 
and as one of the directors of the Japan 
Surgical Association and wish to extend the 
greetings from the other side of the Pacific 
to the members of the Pacific Coast Surgi- 
cal Society of America. It is an honor to 
have this rare opportunity to present my 
paper and later to demonstrate the film to 
you. 

There are two methods for taking roent- 
gen moving pictures in the human body, 
namely, the direct and the indirect method. 
The direct method is the method of pho- 
tography of the organs, etc., using the 
roentgen ray directly, just as you take the 
ordinary roentgenogram; only the films are 
taken in series. This method was attempted 
about forty years ago when the x-ray was 
discovered by Roentgen, but is now value- 
less for practical purposes. 

The indirect method consists of filming 
the image appearing on the fluoroscopic 
screen. In other words, movie photographs 
are taken of the visible image on the 
fluoroscope. 

I have studied the indirect method for 
the last eight years before using Cine- 
Kodak 1.9 with speed of 8 frames per 
second, but have not succeeded. The rea- 
sons for failure were: (1) feebleness of the 
fluorescence and low sensitivity of the 
films; (2) too small an aperture and too 
small a diameter of the lens, and (3) the 
direct action of the roentgen ray on the 
film which passes through the screen and 
camera. 

Lately, I learned from the catalog of 
Zeiss that they had produced a lens 1:0.85 
f-5.5 called R-Biotar, and I ordered the 
Askania Company of Berlin to make a 


cine-camera fitted with this lens which 
protected the roentgen ray from inter- 
fering with taking pictures. We experi- 
mented, using this specially made camera 
and ordinary roentgen tubes, in 1935, for 
the first time, but these tubes were easily 
burned and broken by the high tension 
current. Therefore, we used a Japanese 


Fic. 1. Gengeral arrangement of apparatus. C, 
camera; SA, lead shield; S, fluorescent screen; T, 
roentgen tube—this is the latest style of 15 kw. 
tube; P, pump—this pump has a 16-liter capacity 
and a driving power of 30 pounds. 


special tube made for coloring the crystal 
with the water-cooling method instead of 
oil. For this purpose, the running water 
driven by motor pump is used. This motor 
pump is well insulated against the high 
tension current. We succeeded finally, 
using this photographic unit as shown in 
Figure 1. We have conducted many experi- 
ments with this unit to determine the opti- 
mum conditions for photography. 
Optimum Intensity. First, we examined 
the optimum intensity. The results of the 
experiments using Agfa film, Pankine H 
and various screens in the speed of 16 
frames per second, are as shown in Figure 2. 


* Read before the Pacific Coast Surgical Society, Victoria, B.C., 1937. 
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90 kv. (peak) 110 kv. (peak) 125 kv. (peak) 
30 ma. 50 ma. 30 ma. 50 ma. 30 wa. 50 ma. 
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Film : Pankine H 


Fic. 2. Optimum intensity and dosage of roentgen rays for cinematography. 


Sakura 8.8.Pan Pankine H Super X Film coated 
Special made (Eastman (Agfa) (Eastman sion 
in Japan Kodak) Kodak) Roentgen-Ray 
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Fic. 4. Relation between films and screens: 125 kv. (peak), 50 ma., 16 frames a second. 
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As can be seen, the higher the voltage, 
the greater the milliamperage, the better 
the film. To be exact, 50 ma., with 125 kv. 
(peak) is generally the best, but for the 
chest, 50 ma., with 110 kv. (peak) is better 
than 30 ma., with 125 kv. (peak). In other 
words, after the voltage is increased to a 
certain point the milliamperage has more 
to do with the brightness. Janker of Ger- 
many has used 140 kv. (peak), but I find 
that is too high. 

Fluorescent Screen. Next, we took the 
spectra of fluorescence of four fluorescent 
screens and five folie (strengthening screen) 
in order to analyze the fluorescence, and to 
learn what wave of light has the highest 
intensity. The results obtained are shown 
in Figure 3. 

The results show, as can be seen, that 
the fluorescent screen gives a relatively 
long wave of light, and the folie (strength- 
ening screen) produces fluorescence rela- 
tively short wave of light. The brightest 
part is green or yellow green in the former 
and purple blue in the latter. If the spectra 
is observed closely, we can classify the 
fluorescent screens into two types. 

Type 1 has an intense but narrow band 
of spectrum (4,750-6,400 A, 5,100-6,400 A) 
which is brightest about 5,300 A (green)— 
5,650 A (yellow green) and does not almost 
produce fluorescence of short wave light. 
This short wave is sensitive to the ordinary 
film. 

Type 2 shows a broad band of spectrum 
(4220-6, ooo A) in which the distribution 
of light is irregular and weak generally. 

The screen of Type 1 consists of zinc 
sulphite and de Bh sulphite, and Ty pe 2 
consists of cadmium tungstate. The in- 
tensity of light in Type 1 is stronger than 
that of Type 2. The folie shows almost all 
equal spectra, which are distributed be- 
tween eo and indigo blue (4,030- 
4,850 A, 4,050-4,740 A, 4,100-4,780 A, 
3,830-4,780 A), but the intensity of light 
is very feeble. These spectrographic studies 
pointed out the fact that the screen of zinc 
sulphite and cadmium sulphite (namely, 
Neossal, Liossal, and Patterson B) is the 
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1. Fluorescent Screen 


Neossal 


Liossal 


Sirius 


Giba 


Photographic Plate: Hyper-Sensitive " Wratten " 
Exposure: 4 hours 


2. Folie (Strengthening screen) 


Pluorasure 


Fhotographic Plate: Ortho-Special " Eastman " 
Exposure: & houre 


Fic. 3. Spectra of fluorescent screen and folie 
(strengthening screen). 


best for the purpose of photography with 
orthochromatic film and panchromatic 
film. For the folie, the ordinary film is 
best suited. 

We have examined the results using five 
kinds of screen (made in America, Ger- 
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many and Japan) and two kinds of folie 
(made in Germany and Japan) with vari- 
ous films; the results are shown in Figure 4. 

This experiment confirms the results of 
spectro-photographic studies. For the film 
Pankine H, the screen made of ZnS and 
CdS mixture (namely, Liossal, Neossal, 
American Patterson B) is the best; and the 
screen consisting of ZnSiO,—zinc silicate 
acid—Astral, is next. Among tungsten acid 
compounds, cadmium combination is pref- 
erable to calcium combination. When the 
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S. S. Panchromatic and Super X films are 
used, the Astral screen is better than Pat- 
terson. 

The roentgen film is only sensitive to the 
folie (strengthening screen) and Giba 
Screen of Japan, which consists of calcium 
tungsten acid (CaWQ,). 

Film. Next, we examined the sensitivity 
of films, namely, Pankine H of Agfa, S. S. 
Pan and Super X of Eastman, Sakura 
Chrom and Sakura Pan F K 129 of Japan, 
to plain and colored light by the following 
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Pankine H 


X Ray Film 

SS. Pan 

—-—- Super X 

—-—-— Panatomic 
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Sakura FK 129 
Pankine H(Agfa) 
| —-—- Super X(Eastman) 


Fic. 5, 4, B, and C. Sensitivity of films to the spectrum of daylight. 
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three methods: (1) using spectrum of day- 
light; (2) using Scheiner’s method; (3) 
using Eder and Hecht’s method. The re- 
sults are shown in Figure 5. 

When considering these spectrograms of 
daylight, the American films and the Ger- 
man films are very good; the Japanese film 
seems to be better, but it is not constant. 


Pankine # Super X 


in Japan) 


Fic. 5D. Sensitivity of films to artificial plain light; 
after Scheiner’s method. 


By Scheiner’s method (plain artificial 
light), as shown in Figure 5D, Pankine H 
gives the best sensitivity while the specially 
made Sakura film of Japan ranks second, 
and the Super X third. 

By Eder and Hecht’s method (colored 
light), as shown in Figure 5£, Pankine H 
film gives the best sensitivity to all colored 
lights, and it is especially sensitive to 
yellow and red. The specially made Sakura 
film of Japan and Super X film of Eastman 
are about the same and rank second. 
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By the above three methods of deter- 
mining the sensitivity of films, all the 
panchromatic films examined are very 
sensitive. However, it is hard to determine 
accurately the super quality of each film 
by only these tests. When actual pictures 
are taken, the Pankine H and S. S. Pan 
films are consistently good; Super X is less 
suitable than S. S. Pan for roentgen 
cinematography. 

The speed of filming which our unit per- 
mits at present is as follows: The maximum 


Super X 


Fic. 5E. Sensitivity of films to colored light; after 
Eder and Hecht’s method. 


speed for taking the human chest is 30 
frames per second; the optimum speed for 
the esophagus is 16 frames; for the stom- 
ach, gallbladder and intestines 4 to 8 
frames; for pelvis and ureter 8 frames; for 
blood circulation of extremities using 
opaque substance, 50 frames per second. 

The distance which we used between the 
tube and screen is 75-80 cm., and that be- 
tween the latter and the lens is 55-70 cm. 

After-Effect of Roentgen Cinematography. 
Care should be taken as to the dosage of 
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roentgen rays, in order to avoid bad after- 
effects. | have estimated the proper dosage 
by using the r-meter of Agfa and found it 
to be 200 r in one minute at 60 cm. from 
the tube under 125 kv. (peak), 50 ma. 
Therefore, it will permit a cwo and one- 
half minute exposure without filter for one 
erythema dose. In actual practice, using an 
aluminum filter of 1 mm., it will permit 
three minutes’ exposure. This duration is 
sufficient for studies of the movement of 
internal organs and circulation of the 
blood. 

The outstanding reactions of roentgen 
cinematography in severe cases are nausea, 
vomiting, loss of appetite, and general dis- 
comfort, which continue for a few days. 
These symptoms are much more marked 
in cases of roentgen cinematography of 
the stomach and intestine. 

Roentgen Movietone. Recently, I have 
succeeded in recording the heart sounds 
synchronously with the movements of the 
heart. I have also recorded rAles of the lung. 


SUMMARY AND CONCLUSIONS 


1. I have reported here somewhat briefly 
studies on the technique of taking roentgen 
moving pictures of the internal organs and 
circulation of the blood of human beings 
and animals. 

2. The indirect method of roentgen 
cinematography was employed. 

3. Zeiss lens 0.85 and special tube of 
Japan with water-cooling motor pump were 
used. 
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4. A screen consisting of a mixture of 
zinc sulphite and cadmium sulphite was 
the best, observed from the spectrogram, 
and also by testing various screens and 
films. 

5. The optimum intensity and dosage 
for roentgen cinematography of the stom- 
ach, intestine, pelvis, and ureter of the 
human, is 125 kv. (peak), 50 ma. For the 
chest 110 kv. (peak), 50 ma. “) is sufficient, 
and in the animal smaller intensity and 
dosage are sufficient. 

6. The distance which we used between 
the tube and screen is 75-80 cm., and that 
between the screen and the lens is 55~70 
cm. 

7. The films suitable for roentgen cine- 
matography are Pankine H of Agfa, S. S. 
Panchromatic, and Super X of Eastman, 
and Sakura F. K. 129 Pan of Japan, deter- 
mined by the spectrographic, Scheiner, and 
Eder and Hecht methods, and in addition 
by practical experience. 

8. The maximum speed for taking hu- 
man chest is 30 frames a second; the opti- 
mum speed for the esophagus is 16 frames; 
for the stomach, gallbladder, and intestines 
4-8 frames; for the pelvis and ureter 8 
frames; for the blood circulation of extrem- 
ities, using opaque substance, 50 frames a 
second. 

g. The duration of exposure without pro- 
ducing ill effects to the human is on the 
average about three minutes. 

10. Movietones of the heart and lungs 
were taken. 
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BRONCHIECTASIS IN CHILDREN 


is a fairly common 
disease and there is a well-founded im- 
pression that most of the cases of adult 
bronchiectasis have their inception in early 
life. It is therefore of considerable impor- 
tance that the disease be recognized in 
children so that some of the more exten- 
sive cases which are seen late in life may 
be avoided. 

Recently, Antoinette Raia’ has under- 
taken a study with the object of finding the 
essential causes which contribute to the 
formation of bronchiectasis and of discov- 
ering the earliest clinical picture which re- 
quires watching. From a detailed study of 
the history, symptoms, physical signs and 
roentgenograms by which the fundamental 
factors leading to the diagnosis of bron- 
chiectasis were analyzed, she came to the 
conclusion that there are three distinct 
groups: the group with well established 
bronchiectasis, the group with early or mini- 
_mal bronchiectasis and the group with a 
prebronchiectatic condition or with poten- 
tial bronchiectasis. It quite naturally follows 
that the main interest of her study lay in 
the second and third groups where by a 
careful examination and the institution of 
proper treatment the development of a 
frank bronchiectasis might be obviated. 

In the group of cases which were studied, 
there were thirty-three patients with very 
definite bronchiectasis, and it was from 
these that certain criteria were established 
or recognized for the detection of the early 
and the potential stages of bronchiectasis. 
In the cases with frank bronchiectasis it 
was discovered that in more than half there 
was a history of pneumonia and that a 
large percentage had had pertussis and 


! Raia, Antoinette. Bronchiectasis in children, with special 
reference to prevention and early diagnosis. 4m. F. Dis. Child., 
October, 1938, 56, 852-882. 


measles. A few were the result of a stenosis 
incident to pressure from a tuberculous 
lymph node, and post-tonsillectomy ab- 
scess accounted for three cases. A small 
percentage were the result of a foreign 
body which had lodged in one of the bron- 
chi and had resulted in infection, with 
resultant fibrosis and obstruction to the 
drainage of the lung. As might be expected, 
the outstanding symptom was cough and 
expectoration associated with the usual 
physical signs such as impaired resonance 
and bronchial breathing, but often the ex- 
tent of the bronchiectatic process was only 
determined from the bronchogram. 

The roentgen findings in these cases are 
of considerable importance because it is 
from the roentgenogram and the broncho- 
gram that the ultimate diagnosis is finally 
determined. The ordinary roentgenographic 
study of the chest revealed in many cases 
only areas of parenchymal consolidation, 
principally in the lower lobes with a tend- 
ency to obliteration of the cardiodia- 
phragmatic angles; occasionally the pneu- 
monic consolidations were disseminated 
throughout and were more or less of the 
nodular type of infiltration. In some of the 
cases there was evidence of cavitation with 
interlobar thickenings and clouding of the 
pleura, at times sufficient to obscure the 
underlying pulmonary disease. The fibrosis 
was occasionally so extensive as to result 
in displacement of the mediastinum. Raia 
did not find, in her cases, so frequently the 
honeycomb appearance which is often de- 
scribed as pathognomonic of bronchiectasis. 
The outstanding roentgen findings in all 
her cases were persistent pulmonary infil- 
tration with fibrosis, and, as might have 
been expected, some of her cases showed 
few roentgenographic signs, but the clinical 
history pointed to a bronchiectasis and it 
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was only following the bronchographic 
studies that the true nature of the disease 
was definitely established. 

The bronchogram revealed a bronchiec- 
tasis of the saccular type in a majority of 
the cases, of the cylindrical in a few and of 
the combined type in many. As has been 
previously pointed out, the majority of 
her cases showed involvement of the left 
lower lobe, and this selectivity is due to 
anatomic factors which produce mechani- 
cal obstruction more readily on the left 
than on the right. Duken and von den 
Steinen? have stressed the fact that the 
right bronchus takes a more vertical course 
than the left bronchus and therefore is less 
angulated. The vast majority of those 
cases showing frank bronchiectasis had 
paranasal sinus involvement, emphasizing 
again the importance of examination of the 
paranasal sinuses of all children with chest 
symptoms. 

The history of the group of cases with 
minimal or early bronchiectasis revealed 
essentially the same etiological factors, 
namely a history of recurrent pneumonia, 
measles and pertussis. As in the former 
group of cases, cough was the outstanding 
feature. The bronchogram in the early or 
minimal type of bronchiectasis revealed 
very little pulmonary damage. It is obvious 
from the study that the group with mini- 
mal involvement has a much better prog- 
nosis; chronicity of al] manifestations, so 
characteristic of saccular and of cylindric 
bronchiectasis, is not a feature of minimal 
bronchiectasis. Since it is in this group of 
cases that considerable hope of restoration 
of the lung to its normal appearance might 
be expected, it is this type of involvement 
that should be recognized in order that 
early treatment may be instituted, and 
Raia emphasizes the importance of ade- 
quate and intensive treatment during the 
initial pneumonia if many of these unfor- 
tunate children are to be saved from frank 
bronchiectasis. Raia raises the question as 
to whether the disease may be prevented 


* Quoted by Raia. 
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by finding a clinical picture which may pre- 
cede even the beginning of bronchial de- 
struction. As an answer to this question, 
she directed her attention to a group of 
children who had been brought to the 
clinic for relief from frequent infections of 
the respiratory tract of one form or an- 
other. An analysis of the roentgenograms 
in these cases revealed “increased radial 
streakings” or increased infiltration along 
the bronchi especially at the bases of the 
lungs and during the acute exacerbations 
of the disease, and of particular importance 
were the pulmonary infiltrations of varying 
degrees which tended to clear with the sub- 
sidence of the attacks. Formerly that type 
of case had not been considered as a pos- 
sible candidate for bronchiectasis. In an 
analysis of this group of cases Raia found 
that a large percentage of them gave a his- 
tory of pneumonia either as a single attack 
or as multiple attacks, that bronchitis was 
frequently present and that colds with par- 
ticular reference to the upper respiratory 
tract were present and with the usual his- 
tory of some of the exanthemata such as 
measles and pertussis. The importance of 
pneumonia, measles and pertussis as an 
etiological factor in chronic illness of the 
respiratory tract is well known but is too 
often neglected, and Raia emphasizes again 
the importance of these diseases in both 
the cases of frank bronchiectasis and of po- 
tential bronchiectasis. 

It was of interest, in studying the rela- 
tion of the degree of fibrosis of the lungs to 
the age incidence of pneumonia, measles 
and pertussis, to note that the younger the 
patient, when one or a combination of 
these illnesses occurred, the more marked 
the fibrosis, and that the rapidity with 
which one of these three diseases followed 
the other also determined the degree of 
fibrosis. As would be expected, the group of 
cases whose symptoms dated from an at- 
tack of pneumonia were those most likely 
to show an increase in the bronchial mark- 
ings while those with no symptoms fol- 
lowing pneumonia usually exhibited nega- 
tive roentgenograms. It is of considerable 
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importance that the group of cases having 
had pneumonia, whose roentgenograms do 
not show a tendency toward a complete 
disappearance of the process, should be 
carefully watched and studied in order to 
prevent the occurrence of a bronchiectasis. 
It is the recognition of this ‘“‘subacute 
pathological state’? which is particularly 
important as these cases represent the so- 


Editorial 


925 


called protential type of bronchiectasis. It 
is again emphasized that no chest examina- 
tion of the child is complete without the 
additional study of the paranasal sinuses. 
It is the recognition of these early changes 
in the chest seen in the roentgenogram 
that may prevent the subsequent develop- 
ment of a frank bronchiectasis with its long 
drawn out train of symptoms and debility. 


The Jefferson Hotel has been selected as the radiologic headquarters during 
the meeting of the American Medical Association to be held in St. Louis, Missouri, 
May 15-19, 1939. The following organizations will have headquarters in that 
hotel: The American Board of Radiology, the American Radium Society, the 
Inter-Society Committee for Radiology, the American College of Radiology, and 
the Section on Radiology of the American Medical Association. 
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SOCIETY PROCEEDINGS, CORRESPONDENCE 
AND NEWS ITEMS 


Items for this section solicited promptly after the events to which they refer. 


MEETINGS OF ROENTGEN SOCIETIES* 


Unrrep States or AMERICA 

American Roentcen Ray Society 
Secretary, Dr. C. B. Peirce, Royal Victoria Hospital, 
Montreal, Canada. Annual Meeting: Chicago, IIl., 
Sept. 19-22, 1939. 

American or RapioLocy 
Secretary, Dr. E. L. Jenkinson, 1439 S. Michigan Ave., 
Chicago, Ill. Annual meeting, 1939: To be announced. 

Section on Rapto.ocy, American MEDICAL AssociaTION 
Secretary, Dr. J. T. Murphy, 421 Michigan St., Toledo, 
Ohio. Annual meeting: St. Louis, Mo., May 15-19, 1939. 

Rapio.ocicat Society or NortH AMERICA 
Secretary, Dr. D. S. Childs, 607 Medical Arts Bldg., Syra- 
cuse, N.Y. Annual meeting, 1939: To be announced. 

Raproocicat Section, Battimore Crry Mepicat Society 
Secretary, Dr. Walter L. Kilby, Baltimore. Meets 
third Tuesday each month, September to May. 

Rapro.ocicat Section, Connecticut Mepicat Society 
Secretary, Dr. Max Climan, 242 Trumbull St., Hartford, 
Conn. Meets twice annually in May and September. 
Special meetings may be called by the Chairman. 

Rapro.ocicat Section, Los Ancetes Co. Mep. Soc. 
Secretary, Dr. M. L. Pindell, 678 S. Ferris Ave., Los 
Angeles, Calif. Meets on second Wednesday of each 
month at County Society Building. 

RaproLocicat Section, SourHERN AssociaTION 
Secretary, Dr. Roy G. Giles, Temple, Texas. 

Brook.iyn RoENTGEN Ray Society 
Secretary, Dr. E, Mendelson, 120 E. 19th St., Brooklyn, 
N. Y. Meets monthly on first Tuesday, October to April. 

Society 
Secretary-Treasurer, Dr. Joseph S. Gian-Franceschi, 610 
Niagara St., Buffalo, N. Y. Meets second Monday of 
each month except during summer months, place of 
meeting selected by the host. 

Cuicaco RoENTGEN Society 
Secretary, Dr. R. G. Willy, 1138 N. Leavitt. Meets 
second Thursday of each month October to May inclu- 
sive at the Palmer House. 

Cincinnati Rapro.ocica Society 
Secretary, Dr. J. E. McCarthy, 707 Race St., Cincin- 
nati, Ohio. Meets third Tuesday of each month, Octo- 
ber to May, inclusive. 

Raprocoaicat Society 
Secretary, Dr. Harry Hauser, 3395 Scranton Rd. 
Meetings areheld at 6:30 p.m. at the Mid-Day Club 
rooms on the fourth Monday of each month from Octo- 
ber to April, inclusive. 

Denver Rapro.ocicat CLus 
Secretary, Dr. E. A. Schmidt, 4200 E. gth Ave., Denver, 
Colo. Meets third Tuesday of each month. 

Derrorr Roentcen Ray anv Rapium Society 
Secretary, Dr. E. R. Witwer, Harper Hospital. Meets 
monthly on first Thursday from October to May, at 
Wayne County Medical Society Building. 

Fioripa State Rapio.ocicat Society 
Secretary, Dr. J. H. Lucinian, 403 Huntington Bldg., 
Miami, Florida. Meetings held twice a year, May and 
November. 

Georota Rapro.oaicat Society 
Secretary, Dr. R. C, Pendergrass, Prather Clinic Bldg. 
Americus, Ga. Meets twice annually: in November an 
at annual meeting of Medical Association of Georgia in 
the spring. 

RaproLocicat Society 
Secretary, Dr. E. P. Halley, Decatur and Macon County 
Hospital, Decatur, Ill. Meetings held quarterly, time 
and place designated by president. 


InpIANA RoENTGEN Society 
Secretary, Dr. C. C. Taylor, 23 E. Ohio St., Indianapolis, 
Ind. Meeting held the second Sunday in May annually. 

Lone Istanp Rapro.ocicat Society 
Secretary, Dr. Marcus Wiener, 1430-48th St., Brook- 
lyn, NY. Meets at Kings County Med. Soc. Bldg. on 
ourth Thursday, each month, October to May, 8:30 
P.M. 

MicuiGANn AssociaTION OF ROENTGENOLOGISTS 
Secretary, Dr. C. S. Davenport, St. Lawrence Hospital, 
Lansing. Three meetings a year, Fall, Winter, Spring. 

MILWAUKEE ROENTGEN Ray Society 
Secretary, Dr. S. A. Morton, Columbia Hospital, Mil- 
waukee, Wis. Meets monthly. Place of meeting named 
by the president. 

Minnesota Society 
>" gu Dr. H. M. Weber, Mayo Clinic, Rochester, 

inn. 

NEBRASKA RaDIOLoGICcAL Society 
Secretary, Dr. D. A. Dowell, Medical Arts Bldg., Omaha, 
Nebr. Meets first Wednesday of each month, at 6 P.m., 
at either Omaha or Lincoln. 

New Encianp Roentcen Ray Society 
Secretary, Dr. A. O. Hampton, Massachusetts General 
Hospital, Boston, Mass. Meets monthly on third Friday, 
Boston Medical Library. 

Society or New Jersey 
Secretary, Dr. W. J. Marquis, 198 Clinton Ave, Newark 
N. J. Meets annually at time and place of State Medical 
Society. Mid-year meetings at place designated by the 
president. 

New York Roentcen Society 
Secretary, Dr. R. D. Duckworth, 170 Maple Ave., White 
Plains, N. Y. Meets monthly on third Monday, New 
York Academy of Medicine, at 8:00 P.M. 

Nortu Carouina Roentcen Ray Society 
Secretary, Dr. Major Fleming, Rocky Mount, N. C. An- 
nual meeting at time and place of State Medical Society. 
Mid-year scientific meeting at place designated. 

CentraL New York Roentcen Ray Society 
Secretary, Dr. C. F. Potter, 820 S. Crouse Ave., Syra- 
cuse. Three meetings a year—January, May, November. 

Pactric RoENTGEN 
Secretary, Dr. L. H. Garland, 450 Sutter St., San Fran- 
cisco, Calif. Meets annually, during meeting of Cali- 
fornia Medical Association. 

PENNSYLVANIA RADIOLOGICAL SOCIETY 
Secretary, Dr. L. E. Wurster, 416 Pine St., Williamsport, 
Pa. Annual meeting, May, 1939. Exact time and place 
to be decided. 

PHILADELPHIA ROENTGEN Ray Society 
Secretary, Dr. B. R. Young, Temple University Hospital. 
Meeting first Thursday of each month from October to 
May inclusive, at 8:15 P.m., in Thompson Hall, College 
of Physicians, 19 S. 22d St 

PirrspuRGH RoENTGEN Society 
Secretary, Dr. H. W. Jacox, 4800 Friendship Ave., Meet- 
ings held second Wednesday each month, 4:30 P.., 
October to June at various hospitals. 

Rocuester Roentcen Ray Society, Rocuester, N. Y. 
Secretary, Dr. S. C. Davidson, 277 Alexander St., Meets 
on second Thursday from October to May, inclusive, 8 
p.M., Rochester Academy of Medicine Building. 

Sr. Louts Society or Rapro.ocists 
Secretary, Dr. W. K. Mueller, University Club Bldg. 
Meets fourth Wednesday of October, January, Ma 
and May, at a place designated by the president. 

San Francisco Rapro.ocicat Society 
Secretary, Dr. L. H. Garland, 450 Sutter St., San Fran- 


* Secretaries of Societies not here listed are requested to send the necessary information to the Editor. 
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cisco. Meets monthly on first Monday at 7:45 P.M., 
alternately at Toland Hall and Lane Hall. 

Soutu Carouina X-Ray Society 
Secretary, Dr. Hillyer Rudisill, Jr., Roper Hospital, 
Charleston. Meets in Charleston on first Thursday in 
November, also at the time and place of South Carolina 
State Medical Association. 

TENNESSEE RADIOLOGICAL SocIETY 
Secretary, Dr. F. B. Bogart, 311 Medical Arts Bldg. 
Chattanooga, Tenn. Meets annually at the time and 
place of the Tennessee State Medical Association. 

Texas Rapio.ocicat Society 
Secretary, Dr. H. C. Harrell, 517 Pine St., Texarkana, 
Texas. Next regular meeting in Temple, Texas, 1939. 

University oF MicuicAN DEPARTMENT OF ROENTGEN- 
oLocy Starr MEETING 
Meets each Monday evening from September to June, 
at 7 p.m. at University Hospital. 

University oF Wisconsin RADIOLOGICAL CONFERENCE 
Secretary, Dr. E. A. Pohle, 1300 University Ave., Madi- 
son, Wis. Meets every Thursday from 4:00-5:00 P.M., 
Room 301, Service Memorial Institute. 

Viroinia Society 
Secretary, Dr. V. W. Archer, University Hospital, Uni- 
versity, Va. Meets annually in October. 


CuBa 


SocieDAD CuBANA DE RaDIOLOGIA Y FISIOTERAPIA 
Secretary, Dr. Francisco Padron, Enrique, Villuendas 64, 
Havana, Cuba. Meets monthly in Havana. 


British EMPIRE 


British InstiruTE oF RapIoLoGy INCORPORATED WITH 
THE RONTGEN Society 
Meets on the third Thursday of each month, from No 
vember to June inclusive, at 8:15 P.M., at 32 Welbeck St., 
London, W. 1, or as advertised. 

Section or Rapiotocy or THE Society or 
Menpicine (ConFrinep To Mepicat MemBeERs) 
Meets on the third Friday of each month during the 
winter at 8:15 p.m. at the Royal Society of Medicine, 
1, Wimpole St., London, W. 1. 

Section oF Rapio.tocy anp Mepicat E ecrriciry, Aus- 
TRALASIAN MEpDIcAL ConGRESS 
Secretary, Dr. H. M. Cutler, 139 Macquarie St., Sydney, 
New South Wales, 

RADIOLOGICAL SECTION OF THE VICTORIAN BRANCH OF THE 
British Mepicat AssociaTION 
Secretary, Dr. Keith Hallam, St. George’s Hospital, 
K.E.W., Melbourne, E. 4, Victoria, Australia. Meets 
monthly from March to Nov. incl. for scientific discussion. 

CANADIAN AssociATION OF RADIOLOGISTS 
Secretary, Dr. A. C. Singleton, Medical Arts Bldg., To- 
ronto, 5, Ontario. 

Section oF Raprotocy, CaAnapIAN MEDICAL AssociaTION 
Secretary, Dr. C. M. Jones, Inglis St., Ext., Halifax, N.S. 

Section, New ZEALAND British MEDICAL 
ASSOCIATION 
Secretary, Dr. Colin Anderson, Invercargill, New Zea- 
land. Meets annually. 


ConTINENTAL Europe 


Be.oian Society OF ROENTGENOLOGY 
Secretary, Dr. J. Boine, Avenue des Alliés, 134, Louvain 
(Belgium). 

Meets monthly on second Sunday at d’Egmonds Palace, 
Brusseis, except in the summertime. 

Soctepap EspaNoLa DE RADIOLOGIA Y ELECTROLOGIA 
Secretary, Dr. J. Martin-Crespo, Fuencarral, 7, Madrid, 
Spain. Meets monthly in Madrid. 

Société pE Raprotocie MEDICALE DE FRANCE 
Meets monthly on second Tuesday, except during 
months of August and September, 12 Rue de Seine, Paris. 

Sociéré Suisse pE RapioLocie (ScHWEIZERISCHE R6nT- 
GEN-GESELLSCHAFT) 

Secretary for French language, Dr. A. Grosjean, La 
Chaux de Fonds. 
Secretary for German language, Dr. Scheurer, Molz- 
Biel. 

eets annually in different cities. 
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Sociéré Francaise D’ELECTROTHERAPIE ET DE RADIOL- 
MEDICALE 
Meets monthly on fourth Tuesday, except during month 
of August and September, 12 Rue de Seine, Paris. 

AssocIATION OF GERMAN ROENTGENOLOGISTS AND RapI- 
OLOGISTS IN CZECHO-SLOVAKIA 
Secretary, Dr. Walter Altschul, German University, 
Prague, 11.52. 

DeutscHeE RONTGEN-GESELLSCHAFT (GESELLSCHAFT FUR 
RGNTGENKUNDE UND STRAHLENFORSCHUNG) 

Meets annually in April, alternating one year in Berlin, 
one year in some other German city. Meets in addition 
every two years with the Gesellschaft deutscher Natur- 
forscher und Aerzte. 

Permanent Secretary, Professor Dr. Haenisch, Klopstock- 
strasse 10, Hamburg, Germany. 

Siip- unp WEsTDEUTSCHE RONTGENSELLSCHAFT 
Meets annually in different cities. 

Norp- unD OstpEUTSCHE RONTGENGESELLSCHAFT 
Meets annually in different cities. 

Dutcn Society oF ELEcTROLOGY AND ROENTGENOLOGY 
Holds two meetings a year in Amsterdam, one in the 
Spring, and one in the fall. 

Societa Rapro.tocia MEpIca 
Secretary, M. Ponzio, University of Turin, Prof. Turin 

SociETATEA RoMANA DE RapioLocie st ELEcTROLOGIE 
Secretary, Dr. Oscar Meller, Str. Banul Maracine, 30, 
S. L., Bucuresti, Roumania. 

Meets second Monday in every month with the ex- 
ception of July and August. 

A.t-Russian Roentcen Ray Association, LENINGRAD 
USSR in the State Institute of Roentgenology and 
Radiology, 6 Roentgen St. 

Secretaries, Drs. S. A. Reinberg and S. G. Simonson, 
Meets annually. 

LenincraD RoentceEN Ray Society 
Secretaries, Drs. S. G. Simonson and G. A. Gusterin. 
Meets monthly, first Monday at 8 o’clock State Insti- 
tute of Roentgenology and Radiology, Leningrad. 

Moscow RoeEntcEN Ray Society 
Secretaries, Drs. L. L. Holst, A. W. Ssamygin and S. T. 
Konobejevsky. 

Meets monthly on the first Monday at 8 o'clock, the 
place of meeting being selected by the Society. 

Po.isu Society or RADIOLOGY 
Secretary, Dr. Jan Kochanowski, 45 Gornoslazka St., 
Warsaw. Meets annually. 

Warsaw Section, Society or RaDIoLocy 
Secretary, Dr. B. Krynski, 11 Zielna St. 

Meets once a month except in the summertime. 

SCANDINAVIAN ROENTGEN SOCIETIES 
The Scandinavian roentgen societies have formed a joint 
association called the Northern Association for Medical 
Radiology, meeting every second year in the different 
countries belonging to the Association. Each of the fol- 
lowing societies, with exception of the Denmark Society, 
meets every second month except in the summertime: 

Society or Mepicat RaproLocy 1n SWEDEN 
Meets in Stockholm. 

Society or Mepicat RapioLocy 1n Norway 
Meets in Oslo. 

Society or Mepicat Rapio.ocy 1n DENMARK 
Secretary, Dr. G. Biering, Copenhagen. 

Meets ‘the second Wednesday of each month from 
October to July in Copenhagen, at 8 o’clock in the 
State Institute of Roentgenology. 

Society or Mepicat Rapio.ocy 1n FINLAND 

Meets in Helsingfors. 

VieEnNA ROENTGEN SociETY 
Meets first Wednesday of each month, at 6:30 P.M, at 
Zentral-Réntgen Institut des allgemeinen Krankenhauses 
Alserstrasse 4. 


ORIENT 
Japan X-Ray AssociaTIon 
c/o Orthopedic Surgery, Tokyo Imperial University. 
Meets annually in April. 
Kinki RoentGEen-ABEND Society 
Director, Dr. Prof. Taiga Saito, Ogawaoike Tyoto 
Japan. Meets bi-monthly on third Sunday. 
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AMERICAN BOARD OF 
RADIOLOGY 


The next examination to be conducted 
by the American Board of Radiology will 
be in St. Louis, Missouri, May 11-14, 1939. 
Those contemplating appearing for exami- 
nation at that time should file their appli- 
cations with the Secretary by February, 
1939, if possible. 

A new Registry of the Diplomates of the 
American Board of Radiology will be pub- 
lished early in 1939. Any changes of address 
since the publication of the last Registry 
should be sent immediately to the Secre- 
tary’s Office. 


Following is a list of those who have 
been certified during 1938: 


1, Anperson, Witt1aM K., Saginaw, Mich., Roentgenology. 

2. Appie, Exvsert D., Greensboro, N. C., Radiology. 

3. Asupury, Howarp H., Elkins, W. Va., Therapeutic Radiol- 

ogy. 

. Arnie, Laxman H., Bombay, India, Roentgenology. 

Bairp, Lester W., Temple, Tex., Radiolugy. 

Barven, Rosert P., Pittsburgh, Pa., Radiology. 

. Barker, Hiram O., Alexandria, La., Roentgenology. 

- Berarr, Joseru F., Washington, D. C., Roentgenology. 

. Bett, Dororuy, New York, N. Y., Therapeutic Radiology. 

. Bett, J. SHeripan, New York, N. Y., Radiology. 

11, Bennincuoven, Cart D., San Mateo, Cal., Roentgenology. 

12. Bocart, Franxuin B., Chattanooga, Tenn., Radiology. 

13. Borrew, Frank J., New York, N. Y., Radiology. 

14. Bowen, Apert, Fort Sam Houston, Tex., Roentgenology. 

15. Brices, Row.anp S., San Francisco, Cal., Radiology. 

16. Brooxs, Epwarp C., Montreal, Canada, Diagnostic Roent- 
genology. 

17. Bururrr, James B., San Jose, Cal., Radiology. 

18. Butter, Frank E., Portland, Ore., Roentgenology. 

19. Connetty, Marie L., Chicago, Ill., Roentgenology. 

20. Corron, Atsertus, Baltimore, Md., Diagnostic Roentgen- 
ology. 

21, Curtis, Ricnarp C., Corsicana, Tex., Roentgenology. 

22. Dirkse, Paut, Peoria, Ill., Radiology. 

23. Dissrow, G. Warp, Summit, N. J., Diagnostic Roentgenol- 
ogy. 

24. Dosss, Wittiam G. H., New Haven, Conn., Radiology. 

25. Dwyer, Maurice F., Seattle, Wash., Radiology. 

26. Eart, Davin M., Iowa City, Ia., Radiology. 

27. Epsrem, Bernarp S., Brooklyn, N. Y., Diagnostic Roent- 
genology. 

28. Errincer, Arruur, New York, N. Y., Diagnostic Roent- 
genology. 

29. Farper, Georce J., Baltimore, Md., Radiology. 

30. F New York, N. Y., Diagnostic Roentgen- 
ology. 

31. Fine, Arcute, Cincinnati, O., Radiology. 

32. Forey, Sypwey I., Flint, Mich., Radiology. 

33- Forp, Gienn R., Endicott, N. Y., Roentgenology. 

34- Gotan, Myer E., New York, N. Y., Radiology. 

35. Gotpperc, Henry, New York, N. Y., Therapeutic Radiol- 
ogy. 

36. Gonzatez-Martinez, Isaac F., San Juan, P. R., Radiology. 

37- Gray, Fart H., Woodland, Cal., Radiology. 

38. Grinnan, Anprew G., New York, N. Y., Diagnostic Roent- 
genology. 

39. Hacetsnaw, Gaytanp L., Bay City, Mich., Roentgenology. 
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40. Hankins, Franxtyn D., Riverside, Cal., Therapeutic 


al. 


Radiology. 

Harrincton, Ermer J., Holyoke, Mass., Diagnostic Roent- 
genology. 

. Hartoraves, Tuomas A., Phoenix, Ariz., Radiology. 

. Harvey, Josern L., Waterbury, Conn., Radiology. 

. Henverson, Orvitte L. New York, N. Y., Radiology. 

. Henve, Carye-Bette, Newark, N. J., Radiology. 

. Hirscu, Henry, New York, N. Y., Roentgenology. 


. Horvatn, Rupotrn J., New York, N. Y., Diagnostic Roent- 


genology. 

. Incersoit, Cuarces F., Grand Rapids, Mich., Radiology. 

. Intow, Herserrt H., Shelbyville, Ind., Radiology. 

. Irvine, Arcnte D., Edmonton, Alberta., Radiology. 

. Jackson, Howaro L., Springfield, Mass., Diagnostic Roent- 
genology. 

. Jecien, Josern, Los Angeles, Cal., Radiology. 

. Jecuincer, Davin L., New York, N. Y., Radiology. 

. Karayytan, Bernaro S., Charleston, S. C., Radiology. 

. Karsuner, Rotta G., Los Angeles, Cal., Roentgenology. 

. Kite, Rosert F., San Francisco, Cal., Radiology. 

. Krier, Isapore, New York, N. Y., Diagnostic Roentgenology. 

. Knox, Lawrence M., Carmel, Cal., Roentgenology. 

. Koenio, Cart F., Philadelphia, Pa., Radiology. 

. Larne, Donan R., Pasadena, Cal., Radiology. 

. Larromus, Wintrietp W., Wilmington, Del., Diagnostic 
Roentgenology. 

. Lavine, Morris J., Syracuse, N.Y., Diagnostic Roentgenology. 

. Lecterce, Georce T., Minneapolis, Minn., Roentgenology. 

. Lerrak, Louis, New York, N. Y., Diagnostic Roentgenology. 

. Lerpert, Harry F., Bethlehem, Pa., Radiology. 

. Levene, Georce, Boston, Mass., Radiology. 

. Levi, Leo M., Pasadena, Cal., Therapeutic Radiology. 

. Levinson, Louts J., Newark, N.J., Therapeutic Radiology. 

. Lipscoms, Tuomas H., Jacksonville, Fla., Roentgenology. 


70. Lorstrom, James E., Detroit, Mich., Radiology. 


. Lurze, Freperick H., Brooklyn, N. Y., Radiology. 

. MacRae, J. Donatp, Asheville, N. C., Roentgenology. 

. McCarry, E. D., Seattle, Wash., Radiology. 

. NeNett, Ciype, Louisville, Ky., Roentgenology. 

. Macpvona.p, Ian G., Cornwall, N. Y., Therapeutic Radiol- 
ogy. 

. McAvin, James S., Omaha, Neb., Radiology. 

. Mavpven, Joun E., Philipsburg, Pa., Roentgenology. 

. A., Chicago, Ill., Radiology. 


79. Martix, James L., Washington, D. C., Radiology. 


. Mavrer, Joun F., Somerset, Pa., Roentgenology. 

. Mayorat, Antonio, New Orleans, La., Diagnostic Roent- 
genology. 

. Metsrer, Epwarp J., Denver, Col., Radiology. 

. Mettsner, Louis, Hoboken, N. J., Diagnostic Roentgenol- 
ogy. 

. Mencet, Cuartes L., Allentown, Pa., Therapeutic Radiol- 
ogy. 

. Merritt, Ape.sert S., Manchester, N. H., Roentgenology. 

. G., Fresno, Cal., Radiology. 

. Moore, Frank T., Akron, O., Radiology. 

. Murcer, Frepericx W., San Diego, Cal., Roentgenology. 


89. Murpny, Water T., Buffalo, N. Y., Radiology. 


103. 


. Nott, Josern E., Port Jervis, N. Y., Diagnostic Roentgen- 
ology. 

. O’Donocuvue, James, St. Joseph, Mo., Radiology. 

. Oxrarnetz, CLara L., New York, N. Y., Radiology. 

. Oxrr, Joun L., Englewood, N. J., Radiology. 

. Parrisn, Mapison E., Sumter, S. C., Radiology. 

. Pererson, Harotp O., Minneapolis, Minn., Radiology. 

. Prrrs, THomas A., Columbia, S. C., Radiology. 

. Ponte, Ernst A., Madison, Wis., Radiology. 

. Pomeroy, Lawrence A., Cleveland, O., Therapeutic Radi- 
ology. 

. Ponemon, Irvine W., Jamaica, L. I., N. Y., Roentgenology. 

. Qumpy, Wirt A., Wheeling, W. Va., Radiology. 

. Rayte, Acsert A., Atlanta, Ga., Roentgenology. 

. Ricu, James S., Evansville, Ind., Roentgenology. 

Rosinson, J. Maurice, San Francisco, Cal., Radiology. 


| 
+ 
& 43 
44 
45 | 
46 
48 
49 
‘1 
4 52 
53 
5 4 
4 
7 56 
5 
| 
6! 
62 
63 
64 
64 
{ 6 
64 
6« 
q 71 
73 
74 
75 
| 
81 
82 
‘ | 83 | 
| | 
85 
88 
9 
gi 
g2 
93 
94 
95 
96 
97 
99 
10! 
102 
x 
{ 


Vot. 40, No.6 


104. Root, Josern C., Cleveland, O., Diagnostic Roentgenology. 
10s. Runxie, Witt1am A., Memphis, Tenn., Diagnostic Roent- 
‘ genology. 

106. Sammet, Joet F., Hines, Ill., Radiology. 

107. Sampson, Davin A., Philadelphia, Pa., Radiology. 

108. ScHECHTER, SAMUEL, New York, N. Y., Diagnostic Roent 
genology. 

109. Scnenk, Max, New York, N. Y., Radiology. 

110. Scumipt, Witt1am H., Philadelphia, Pa., Radiology. 

111. Scuraer, Paut H., Philadelphia, Pa., Radiology. 

112. ScuuMACHER, ArTHUR H., Cleveland, O., Roentgenology. 

113. SHuMAKER, Paut R., Oakland, Cal., Roentgenology. 

114. Stmonps, Francis L., Omaha, Neb., Radiology. 

115. Smirn, Cuartes D., Richmond, Va., Radiology. 

116. Smit, Ivan H., London, Ontario, Therapeutic Radiology. 

117. Stark,J esse D., New York, N.Y., Diagnostic Roentgenology. 

118. Stein, JoserH, Hawthorne,N.Y., Diagnostic Roentgenology. 

119. Stein, Justin J., Hines, Ill., Radiology. 

120. Stemnsacu, Meyer, Philadelphia, Pa., Radiology. 

121. Srertinc, Harotp W., Lyons, N. J., Diagnostic Roentgen- 
ology. 

122. Stevenson, Ciype A., Temple, Tex., Radiology. 

123. Stitson, L., Los Angeles, Cal., Radiology. 

124. Taormina, Louts J., Brooklyn, N. Y., Roentgenology. 

125. TeaHan, Roscoe W., Philadelphia, Pa., Therapeutic Radi- 
ology. 

126. Tenzer, Witttam V., New York, N. Y., Radiology. 

127. THorre, Moreton J., Reno, Nev., Radiology. 

128. Turner, Joun W., Wrentham, Mass., Radiology. 

129. Van Stranver, Wittiam H., Hartford, Conn., Radiology. 

130. VaucHan, Water W., Durham, N. C., Radiology. 

131. Wacner, Joun G., Riverside, N. J.. Radiology. 

132. Watt, Wittarp W., Minot, N. D., Radiology. 

133- Ware, James, Bakersfield, Cal., Radiology. 

134. Warmo tts, Irvine J., Newport, R. I., Roentgenology. 

135. Westino, S1ecrriep, Brooklyn, N. Y., Radiology. 

136. Watrmore, H., Norfolk, Va., Roentgenology. 

137. Wiii1aMs, Francis, San Francisco, Cal., Radiology. 

138. Wyser, Dorgan D., Ossining, N. Y., Radiology. 


Address all communications to 
Dr. B. R. Kirklin, Secretary 
American Board of Radiology 
Mayo Clinic 


Rochester, Minnesota 


HOSPITAL-PHYSICIAN RELATIONS 
IN ENGLAND* 


Precedents established in what many 
Americans still refer to affectionately as 
the “Mother Country” have frequently de- 
termined decisions applied to contingen- 
cies which arise in America many years 
after they have appeared in England. His- 
torians can point to scores of developments 
in social and economic growth to illustrate 
the fact. A conspicuous instance is the en- 
actment of so-called “‘social’’ legislation 
and labor laws which saw their beginning 
in the British ‘““New Deal’ more than 
twenty years before they became a subject 
for political debate in America. 

While all such precedents cannot be said 

* Bulletin of the Inter-Society Committee for Radiology. 
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to have resulted to the advantage of Amer- 
ica, it must be obvious that the Britisher and 
the American are of a common ilk, and the 
British Isles have proved a convenient test- 
ing ground for many principles in political 
economy and sociology subsequently adopt- 
ed or rejected in the United States. 

There iscurrently considerable confusion 
in medical and hospital circles concerning 
the relationships between hospitals and 
physicians in the delivery of medical serv- 
ices under the American system of medical 
practice. There is a strong and mutual de- 
sire to achieve a solution that will protect 
the hospital, guarantee proper care to the 
patient, and assure the unshackled progress 
of medical science and practice. 

Does England, in her more mature age, 
provide any aids towards solution? A re- 
cent Statement of Policy adopted by the 
British Medical Association may well offer 
valuable help to American hospitals and 
medical men in their efforts to find mu- 
tually desirable principles for the practice 
of medicine in hospitals. The policy of the 
British Medical Association will be of pe- 
culiar interest to the radiologist. As the 
American hospital gradually extends its 
functions into the practice of medicine, it 
is his specialty that has felt the first un- 
toward effects of such a trend. How has the 
problem of radiologic practice in the hos- 
pital been solved in England? Do hospitals 
in England engage in the practice of radiol- 
ogy, or do radiologists there carry on a 
private practice in the hospital as do other 
medical specialists? 

Many of the questions that have en- 
gendered heated debate between hospital 
superintendents and practitioners of the 
diagnostic specialties are conclusively ans- 
wered in an interesting little booklet con- 
taining the policy of the British Medical 
Association. The whole question of physi- 
cian-hospital relations is covered in the 
statement which is apparently a binding 
regulation upon British hospitals. 

As in America, there are two kinds of 
hospitals in England—private and govern- 
mental. The private hospitals are volun- 


j 
% 
| 
| 
| 
} 
i 


930 Society Proceedings, Correspondence and News Items 


tary general hospitals, like ours, while the 
governmental institutions include both 
charity hospitals maintained by local gov- 
ernments and special sanatoria. The State- 
ment of Policy adopted by the British 
Medical Association is meant to define the 
respective domains of these two types of 
institutions and to determine the arrange- 
ments under which physicians shall prac- 
tice their profession in each. 

In the beginning the Statement recog- 
nizes that care of the poor shall be rendered 
in “Council Hospitals” corresponding to 
our county and city charity institutions. 
It is recommended that the staffs in these 
institutions be paid on a full or part time 
basis by the hospitals from funds derived 
from tax sources or insurance funds. Every 
patient admitted to these hospitals is ex- 
pected to pay something towards his care 
if his pecuniary status permits. Member- 
ship in “contributory” or insurance plans 
entitling the wage earner to hospital care 
in the Council hospitals is restricted to 
those of very low income. Physicians work- 
ing in the hospital are to be remunerated 
by the hospital either by fixed salary or 
by payment for definite services and re- 
sponsibility. The Statement recommends 
the creation of a “central clearing bureau’”’ 
for the admission of charity patients to the 
Council hospitals in each community. 

“Voluntary hospitals,” says the State- 
ment, “have becomie increasingly the hos- 
pitals of the worker and his dependents.” 
That class which composes the bulk of pri- 
vate practice in this country is customarily 
hospitalized in private nursing homes 
where physicians appointed to the visiting 
staff carry on their practice precisely as 
they do in office consultation. The Council 
and Voluntary hospitals serve much the 
same type of patients and for this reason 
the British Medical Association recom- 
mends the extension of “contributory 
schemes” for the payment of hospital ex- 
pense for these low income patients. Like- 
wise it is recommended that, in view of the 
great charity load placed upon the staffs 
of Voluntary hospitals, physicians be re- 
munerated for their part time services. 
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On this subject the Statement says, “It 
is certain that local authorities must con- 
tinue in their council hospitals some system 
of paid medical staffs, whether whole or 
part time. If the voluntary hospital system 
is to persist and even more if demands for 
expansion are to be met, the visiting staffs 
must be paid on a like basis. Every exten- 
sion of hospital service diminishes the field 
of private practice open to consultants and 
specialists, and economically it is no longer 
possible largely to increase the numbers of 
these practitioners without making definite 
provision for reasonable remuneration for 
their hospital work.” 

The British Medical Association permits 
no ambiguity in its use of the terms “hos- 
pital care” and “medical care.” “Medical 
treatment,” according to its official docu- 
ment, “includes any and all of those serv- 
ices which can be and are rendered by a 
registered medical practitioner, e.g. exami- 
nation whether clinical or laboratory. . . .” 
There is thus no opportunity to regard 
radiology, pathology, etc. as a part of hos- 
pital care instead of medical care. 

In the case of private patients above the 
income scale admitting them to member- 
ship in the contributory schemes, physi- 
cians rendering services under the above 
definition are to be paid on a fee-for-service 
basis by the patient. Outpatient Depart- 
ments in the hospital are to be closed to all 
except charity patients and those who can 
pay, either privately or from insurance 
plans, shall have consultations or specialist 
services provided by the private practi- 
tioner in his office or the home. 

Hospital insurance schemes should not, 
in the opinion of the British Medical Asso- 
ciation, be conducted by the hospitals 
themselves on a service contract basis as 
they are in this country, but should be or- 
ganized by committees entirely independ- 
ent of the hospital. Payments to the hos- 
pital for hospital care should be on a cash 
basis and no insurance risk should be car- 
ried by the hospital. 

The inclusion of any kind of medical care, 
which, under the definition quoted above, 
would include radiology and pathology, in 
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hospital insurance plans is definitely dis- 
approved by the Statement of Policy. “The 
method of remuneration for medical serv- 
ices to be payment for work done, on the 
terms customary for such patients in each 
area,” it says. 

That section of the Statement of Policy 
pertaining to the practice of radiology in 
hospitals is of such exceptional interest 
that the pertinent portions of it are re- 
printed herewith in full: 


2. A hospital should require payment of fees 
from patients attending for radiological serv- 
ices, except from those who are members of a 
contributory scheme which provides such serv- 
ices or from those who come within the cate- 
gory of “Free Patients.” 4n agreed share of such 
fees, or an agreed honorarium, should be placed 
at the disposal of the medical staff and the radio- 
logical department should not be managed in such 
a way as to make a profit for the hospital by the 
exploitation of the professional services of the 
visiting radiologists. 

3. A hospital may on the advice of the visit- 
ing radiologist arrange a schedule of modified 
charges for radiological services for patients 
within the scale of income limits, and based 
upon an average of one-half the fees commonly 
charged for similar private work in the district; 
but the schedule so arranged should not be 
published or exhibited publicly. 

4. A hospital situated in a district where 
there are qualified medical practitioners carry- 
ing on in private the practice of radiology 
should not provide for any patient able to pay 
private fees radiological services, except such 
as in the best interests of the patient can only 
be obtained in that institution. 

5. A hospital in a district where there is no 
other radiologist than the radiologist to the 
hospital may allow this officer to receive, di- 
rectly from private practitioners, private pa- 
tients who shall pay fees not less than those 
charged in private for similar cases in similar 
districts, and the radiologist should receive not 
less than two-thirds of the fees so paid, pro- 
vided always that all costs incurred by the hos- 
pital be covered. 

6. Radiological services for statutory author- 
ities (e.g., Ministry of Health, National Health 
Insurance, Municipal Bodies, etc.) should or- 
dinarily be arranged to be supplied in private 
by private practitioners. Where such arrange- 
ments must be made with a hospital the fees 
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payable for the service shall be upon a scale 
approved by the Association. The radiologist’s 
report shall be given in every case. Of the fee 
paid not less than two-thirds should go to the 
radiologist for his opinion, and the remainder 
to the hospitzi to cover costs. 

g. The hospital almoner or other proper offi- 
cer should certify the suitability of patients 
for admission and should assess and collect all 
payments from patients, but the right should be 
reserved to the visiting radiologist to receive direct 
the fees for medical services to private patients. 

10. Fees for services to patients in pay beds 
should be paid to the visiting radiologist in each 
individual case according to the service rendered, 
less an agreed proportion to the hospital to meet 
costs. 


This is encouraging news from abroad. 
With a subsidence of the acrimony that has 
unfortunately characterized many of the 
debates on hospital-physician relations in 
the past, there is every reason to hope for 
a sound and satisfactory solution to the 
problems surrounding the practice of radi- 
ology in American hospitals. The American 
Hospital Association indicated a willing- 
ness to be guided by the principles of or- 
ganized medicine in making contemporary 
adjustments when it adopted a resolution 
at its recent annual meeting stating that 
it was prepared to approve “periodic pay- 
ment plans for hospital care and medical 
service in hospitals which are also approved 
by the local medical profession.”” What con- 
stitutes medical care and what constitutes 
hospital care is a question to be determined 
“by hospitals and the local profession.” 

Continued cooperation and friendly con- 
ference between organized hospitals and 
organized radiologists should produce a 
solution in this country as it has in Eng- 
land, acceptable both to hospitals and 
medical men. 

Mac F. Cahal, Executive Secretary 


CORRECTION 


The legend for Figure 3, in the article 
by M. J. Fuendeling and T. L. Cartney, 
September, 1938, page 388, should read as 
follows: “Normal pericemental membranes 
and cancellous bone. The absence of the 
trabeculated network is bilateral.” 
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DEPARTMENT OF TECHNIQUE 


Department Editor: Rosert B. Tart, M.D., B.S., M.A., 105 Rutledge Ave., 
Charleston, S. C. 


AN IMPROVED UTERINE RADIUM APPLICATOR 


By HAROLD SWANBERG, B.S., M.D., F.A.C.P. 


Radiologist, St. Mary's Hospital and Blessing Hospital 
QUINCY, ILLINOIS 


EN years ago I published! a descrip- 
tion of a new radium applicator that 
I devised for the treatment of uterine 
cancer. This was a heavily filtered instru- 
ment, especially designed to facilitate the 


Fic. 1. The author’s original gold 
applicator (actual size). 


radium technique used at the Radium In- 
stitute of the University of Paris? (small 
amounts of heavily filtered radium, dis- 
tributed throughout the entire length of 
the uterine canal and the width of the 
vaginal vault, slowly administered), that 


was attracting the attention of radiologists 
everywhere. The instrument was T-shaped, 
of gold construction covered with alumi- 
num, the uterine stem having a diameter 
of 8 mm. Figure 1 shows the original 
applicator. 

Recently I have redesigned the instru- 
ment in an effort to greatly diminish the 
size of the uterine stem in order to mini- 
mize the dilatation necessary to insert it. 
The uterine portion of the new instrument 
is of platinum construction, covered with 
aluminum, and has a diameter of only 
2.8 mm. It should be covered with one or 
more layers of ametal rubber (0.8 mm. 
thickness per layer). It is designed for use 
in connection with the new type 0.2 mm. 
platinum radium cells having a diameter of 
1 mm.* The platinum wall thickness is 0.8 
mm., which added to the filtration pro- 
vided by the cells, gives 1 mm.—the uterine 
filtration recommended! and used by 
Regaud and Lacassagne at the University 
of Paris. The vaginal portion is of silver 
construction, can be used with platinum 
radium cells or needles and when so used 
has a filtration equivalent to the density of 
about 1.5 mm. of platinum. The redesigned 
applicator is shown in Figure 2. 

The special advantages of the new in- 
strument, compared to the original one, 
are (1) the unuswal slenderness of the 
uterine portion; (2) more flexible arrange- 
ment of the uterine stem so nearly any 
length of uterine canal, from 2 cm. to 11 

* I have designed a 10 milligram radium cell, size 1X20 mm. 
with 0.2 mm. platinum wall, the radium salt occupying an 18 
mm. length. (Swanberg, Harold. Uterine cancer—an advance 


in radium technic. Radiol. Rev. & Mississippi Valley M. 7F., 
July, 1938, 60, 141-142.) 
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cm. can be irradiated; (3) provision of a 
15° angle in the uterine stem to conform 
more readily to the average uterine canal; 
(4) a vaginal portion that is approximately 
of the same external dimensions as the 
barrels of the Curie or Kaplan colpostat, 
used in connection with the instrument, or 
the bakelite vaginal capsules that have 
been so popular at che Radium Institute of 
London. The chief advantages are the 


> 


Fic. 2. The author’s improved platinum-silver ap- 
plicator; uterine angle wedge is shown, 4; also 
screw-cap end section, B, so applicator may be 
used without the cross-arm section (actual size). 


dense filtration provided, together with 
the slenderness and angulation of the 
uterine stem. This makes insertion possible 
with the least amount of dilatation to the 
uterine cervix. The cancerous cervix is 
easily torn when excessive dilatation is 
necessary to insert a large applicator. All 
are agreed that cancerous tissue should be 
subjected to the least amount of trauma- 
tism. 

The recently published* five-year statis- 
tics of Regaud and Lacassagne of their 
1930 series of 111 patients with uterine 
cervical cancer, representing all stages of 
the disease, has revived interest in their 
therapeutic methods. Radiation therapy 
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was used exclusively in this series (54.9 per 
cent were Stage 3 and 4 growths) and 46.8 
per cent of their patients were alive, and 


Fic. 3. New applicator assembled (without uterine 
angle wedge) to treat a uterine canal of average 
length; the uterine stem is designed for the use of 
the new type I mm. platinum radium cells (actual 
size). 


PLATINUM (08mm) 
ETAL 
CENTRAL BORE (1.2mm) 
B 
Fic. 4. 4 shows the new type platinum radium cells 
as they appear when placed in the uterine stem 
of the new applicator (covered with ametal rub- 
ber) producing an almost continuous source of 
radiation throughout the entire length of the uter- 
ine canal (actual size); B, cross section of the 


uterine stem of the applicator, covered with 
ametal rubber (twice actual size). 


free from cancer, five years after the treat- 
ment was begun. These results are the best 
that have been reported from a large re- 
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Fic. 5. Illustrating the new applicator, covered with ametal rubber, and two modified London vaginal ap- 
plicators, in position for treating uterine cervical cancer in accordance with the principles of the Paris 


technique (actual size). 


search center, and merit a further study of 
the methods used.* 


* A recent personal communication from Lacassagne to the 
author states that at the Paris Radium Institute they are no 
longer using aluminum as a secondary filter in their applicators, 
but are relying entirely on rubber; the external diameter of their 
uterine applicators is 7 mm., the size o _.e vaginal applicators, 
20X30 mm. The diameter of both the uterine stem and the 
vaginal cross-arm piece of the applicator described above can be 
quickly increased to comply with these latest requirements of the 
Paris technique by simply covering the instrument with as many 
layers of ametal rubber (it readily adheres to itself) as are de- 
sired. 
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ANORECTAL PLUG 


By HERMAN G. ROSENBLUM, M.D. 


FLINT, MICHIGAN 


the difficulties which have 
attended the administration of opaque 
enemas in patients with incontinence of the 
anal sphincter muscles, I herewith submit 
a device as an aid to roentgenologists in 
overcoming the difficulties encountered in 
cases of this type. 


til the films have been made. The patient 
will then be allowed to go to stool and may 
remove the plug by slight traction, or may 
be assisted to do this, and the bowel con- 
tents evacuated. 

We have used this anorectal plug in our 
roentgenological department forabout three 


B 


Fic. 1, 4 and B. Two views of anorectal plug. 


The device consists of a mushroom cath- 
eter (No. 26-36, French), with a thick 
cylindrical plug made from soft spongy 
rubber 14 inches in its shortest and 2 inches 
in its widest diameter, fitted over the cath- 
eter, pushed closely up to the mushroom 
tip (Fig. 1). The softness and resiliency of 
this plug permits of its being both passed 
through and retracted from the anal canal. 
The simple technique for its use follows: 

A large Hirschman anoscope is inserted 
through the anus. The lubricated plug is 
gently forced through the anoscope until 
it rests in the rectum. The anoscope is then 
removed over the catheter, allowing the 
plug to remain in situ (Fig. 2). Slight trac- 
tion is now made on the catheter to make 
it fit snugly into the infundibulum at the 
anorectal junction. The tube from the con- 
tainer filled with the opaque solution is 
attached to the catheter and the solution 
allowed to flow. 

After the colon has been sufficiently filled 
and roentgenoscopy completed, the return 
flow is checked by a hemostat or clamp un- 


Fic. 2. Cross section of pelvis showing ano- 
rectal plug in situ. 


years, and in every instance it has proved 
successful, regardless of whether the incon- 
tinei:ce has been due to the simple relaxation 
of the sphincter, tabes dorsalis, or impair- 
ment from injury or previous operation. 


My thanks and appreciation are hereby tendered 
Dr. William Clift, Director of the Department of 
Roentgenology, Hurley Hospital, Flint, Michigan, 
for his cooperation and his schematic drawing. 
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ABSTRACTS OF ROENTGEN AND 
RADIUM LITERATURE 


ROENTGEN DIAGNOSIS 


HEAD 


Arsuse, Davip I. Hyperostosis cranii associ- 
ated with internal hydrocephalus and meta- 
bolic disturbances. Arch. Pediat., June, 1937, 
54s 323-338. 


Arbuse reports an unusual case of hyperosto- 
sis cranii which showed marked metabolic dis- 
turbances and endocrinologic dysfunction af- 
fecting the physical and mental growth of the 
patient, and which was probably caused by 
pathologic involvement of the central vegeta- 
tive nuclei. He considers it likely that this syn- 
drome of hyperostosis cranii, internal hydro- 
cephalus and diabetes, is due to a constitutional 
disability and that it may be accentuated in 
individual subjects but with varying degree. 
It may also be an inherited character or an 
endocrine dyscrasia arising in the lifetime of an 
individual. Hyperostoses cranii are usually seen 


in late adult life. The youngest case observed 
and reported in the literature was eighteen 
years of age. 

The roentgenograms of this patient showed a 
marked brachycephaly and turricephaly. There 
was a distinct asymmetry in the development 
of the cranial bones, the skull appearing larger 
on the right side. A fairly marked thickening 
of the cranial bones of the vault, with new bone 
deposition in parallel layers, was shown, pre- 
senting a peculiar striated appearance which 
was most characteristic in the parieto-occipital 
region. Irregular calcific deposits were distrib- 
uted in the vertex and base, in what were ap- 
parently the meningeal layers. The sinuses were 
extremely large. Irregular calcified lesions were 
seen above the pituitary fossa in the posterior 
parietal region. The frontal bones were small, 
but normally developed. There was no roent- 
genographic evidence of increased intracranial 
pressure. The optic foramina showed no change. 
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The encephalographic examination showed a 
fairly pronounced dilatation of the right lateral 
ventricle and toa lesser degree of the left lateral 
ventricle. Fluid levels were clearly visualized on 
each side. The third ventricle was centrally 
placed and appeared to be slightly dilated. A 
diagnosis of internal hydrocephalus was made. 

The patient was a negro girl, aged fifteen. 
Repeated blood sugars revealed a variance be- 
tween 188 and 250 mg. The basal metabolic 
rate varied from —21 to —27. There was a 
lack of response to treatment with protamine 
insulin.—R. S. Bromer. 


Gros, M. Ueber die réntgenologischen Naht- 
verhaltnisse der hintern Schadelgrube beim 
Kinde mit spezieller Beriicksichtigung der 
Sutura mendosa. (The roentgen appearance 
of the suture lines in the posterior cranial 
fossa of the child, with special attention to 
the sutura mendosa.) Fortschr. a. d. Geb. d. 
Réntgenstrahlen, March, 1938, 57, 265-275. 


The position and appearance of the suture 
lines must be thoroughly known to the roent- 
genologist seeking to recognize skull fractures. 
Nine lines involve the occipital bone: (1) the 
synchrondrosis spheno-occipitalis; (2) (3) the 
synchrondrosis intra-occipitalis anterior and 
posterior, which enter the foramen magnum; 
(4) the sutura mendosa; (5) the sutura lamb- 
doidea; (6) the occipito-mastoid suture; (7) 
fissura petro-occipitalis; (8) parieto-mastoid 
suture, and (g) the sutura squamosa. In infants 
the synchondroses are more prominent in the 
roentgenogram than the connective tissue su- 
ture lines. The synchondrosis intra-occipitalis 
posterior is particularly prominent in the lat- 
eral projection and may be recognized to the 
fifth year of life. 

The sutura mendosa is the most prominent 
of the sutures in infants, being seen in 93 per 
cent of the skulls up to one year of age, and is 
the one most commonly mistaken for fracture 
by the inexperienced. This suture begins at a 
point where a line drawn between the petrous 
ridge and the occipital protuberance intersects 
the lambdoid suture. In older infants and small 
children the synchondroses become less dis- 
tinct and the sutures more so. The incidence of 
recognition of these lines together with different 
sesamoid bones for various age groups in 500 
skulls is reported. Variations in the usual ap- 
pearance are not rare.—W. A. Evans, Fr. 


Coates, Georce M. Cholesteatoma of the 
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frontal sinus. Arch. Otolaryngol., July, 1937, 

26, 29-37. 

Ewing has described cholesteatomas “as 
well as the true dermoid containing hair and 
sebaceous material” as occasionally appearing 
in or near the sella turcica. Many of these are 
thought to develop from rests of cells abnor- 
mally placed at the time of closure of the 
vesicles of the brain. Some may result from 
metaplasia of “remnants of the hypophysial 
duct.” True “teratomas” may result from ab- 
normal rests of buccal cells. Cholesteatomas are 
composed of lamellated waxy or scaly material 
enclosed in a wall of stratified squamous cells. 
Ewing quotes Bostroem, “‘concluding that cho- 
lesteatoma always arises from embryonal epi- 
dermal inclusion.” Hartley has reported a 
case of cholesteatoma of the frontal sinus re- 
gion where traumatic origin is supposed. In the 
case of cholesteatomas of the middle ear, Mc- 
Farland considered embryonal inclusion of 
“epidermal cells attending the closure of the 
first visceral furrow, which is followed by des- 
quamation and massive accumulation of the 
cells which become compressed into concentric 
masses, and later infiltrated with cholesterin.” 
Otologists realize that “these masses finally 
enlarge to the point of rupture though the 
tympanic membrane, where the appearance, 
with secondary infection, is that of chronic 
suppurative otitis media or mastoiditis.” Oto- 
logically it is thought that there is an ingrowth 
of epidermis from the external auditory canal 
through a marginal perforation of the drum to 
line infected spaces of the tympanum and 
mastoid, replacing diseased mucous membrane. 
Secondary, according to this theory, there is 
growth, limitation of boundaries and the for- 
mation of the cholesteatoma. 

The author reports one case of his own where 
the cholesteatoma was located in the frontal 
sinus region. He discusses possibilities as to its 
cause and suggests that in this particular case 
fetal inclusion seems to be the most likely ex- 
planation. He thinks that “rhinitis caseosa” 
is also to be considered and it may be identical. 
A second case report is also included, that of 
Dr. Woodward’s, which was given to the 
author as he was about to present this article.—- 
A. A. de Lorimier. 


Hit, Freperick T. Osteomyelitis of the skull. 
Arch. Otolaryngol., July, 1937, 26, 9-17. 


The author emphasizes the relative rarity of 
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osteomyelitis of the skull; therefore the value of 
the literature in guiding the physician along 
lines of treatment. He discusses 4 cases man- 
aged by him during his many years of practice, 
citing changes in his aspect of the condition. 

Osteomyelitis may proceed by direct exten- 
sion through bone or it may follow along venous 
channels. Edema is an important sign but the 
advance of the infection is likely to be beyond 
the limits of evidence—‘‘The disease burrows 
like a mole in the earth and, like a mole, throws 
up mounds here and there as it goes along.” 
Therefore “distant trephining” and radical 
surgery are urged, to avoid the complication of 
thrombophlebitis. This should hold true regard- 
less of the virulence of the infection. The roent- 
gen findings are from seven to ten days late 
and the infection is from 1 to 2 inches beyond 
the area shown in the roentgenograms. Spongy 
bone may exist in both the anterior and pos- 
terior walls of the frontal sinuses, in close prox- 
imity to the lining membranes and virulent in- 
fections as incurred especially during swim- 
ming, may progress rapidly along the diploe. 
Surgical action may be indicated on the basis 
of the symptoms and signs of edema, even 
though roentgenographic evidence may not be 
had.—A. A. de Lorimier. 


Haas, Lupwic, and KovdAcs, Franz. Zur diag- 
nostischen Bedeutung der Geschwulstvas- 
kularisation im Schadelarteriogramm. (The 
diagnostic significance of tumor vascularity 
in the arteriogram of the skull.) Fortschr. a. 
d. Geb. d. Réntgenstrahlen, Feb., 1938, 57, 
183-186. 


Léhr and Jacobi have shown how brain 
tumors may be demonstrated by morphological 
changes in the cerebral arteries as shown in the 
arteriogram. With the exception of the angio- 
mas, tumors generally appear as pale areas of 
indefinite contour. The authors describe the 
case of a woman, aged fifty-five, with pro- 
gressive spastic paralysis of the left arm, and 
other symptoms suggesting a brain tumor. 
After preliminary roentgen studies of the skull 
which proved negative, an arteriogram was 
carried out on the right side. This showed dis- 
tertion of the arteria pericallosa and a small 
mandarin-sized shadow of increased density in 
the central parietal region and below this a 
number of similar but smaller shadows from 
cherry to cherry pit in size. The patient with- 
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stood the procedure well, but nevertheless later 
died. An autopsy showed no damage from the 
thorotrast used in the injection. The large tu- 
mor, and the smaller ones, were situated as in- 
dicated by the arteriogram and were shown 
to be metastasis from a carcinoma of the bron- 
chus. The increased density of the shadows in 
the arteriogram was believed to be due to the 
great vascularity of the metastases and this is 
in contrast to the gliomas which have low vas- 
cularity. Thus, the density of the tumor shadow 
in the arteriogram is an indication of the type 
of tumor. Localization is aided by a recognition 
of the arteries which are distorted and by the 
fine circular network of small vessels which 
often encapsulate a tumor.—W. A. Evans, Fr. 


NECK AND CHEST 


Lepoux-Lesparp, R., Garcia-CaLpDERON, J., 
and Dyian, A. La radiographie du larynx de 
face et sa technique (note préliminaire). 
(Roentgenography of the larynx in the fron- 
tal view and the technique; preliminary 
note.) Bull. et mém. Soc. délectro-radiol. 
méd. de France, Feb., 1938, 26, 93-97. 


An interpharyngeal film is used. The tongue 
and pharynx are anesthetized with Io per cent 
cocaine. The film is triangular, 9.5 cm. long, 
1.5 cm. wide at the apex, 4 cm. wide at the base 
with rounded corners. Slightly lubricated with 
vaseline, the film is placed in the mouth of the 
patient who then swallows it. When the base 
arrives behind the epiglottis, most of the film is 
retrolaryngeal. The position is maintained by 
an ordinary laryngeal forceps. The patient is in 
dorsal decubitus, and the head in slight exten- 
sion. The exposure should not exceed 1/10 
second. The central ray must be accurately 
directed at the hollow of the thyroid cartilage. 
Two main views are taken: a vertical, and an 
oblique with a 45 degree tilt toward the head. 
Other lateral and oblique views may be neces- 
sary. The roentgenogram obtained with the ray 
perpendicular to the larynx may be compared 
directly with the photographs of the anatomical 
specimen. 

The roentgenograms obtained are excellent 
and appear better than those made by tomog- 
raphy. The necessity of anesthesia does not 
present a difficulty.—M. L. Sussman. 


Canuyt, G., and Gunsetr, A. Nouvelle série 
de planigraphies du larynx non cancéreux 
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et cancéreux. (New series of planigraphy of 
the larynx, noncancerous and cancerous.) 
Bull. et. mém. Soc. d’électro-radiol. méd. de 
France, Jan., 1938, 26, 29-38. 


Planigraphy in the frontal view will probably 
become a necessary complement of the lateral 
view of the larynx. The vocal cords, ventricu- 
lar bands and ventricle are well shown. Physi- 
ology of the larynx and voice production can 
also be studied. 

In apnea, after inspiration, the vocal cords 
approach each other and touch almost com- 
pletely. They are very large; the ventricles are 
very small, the ventricular bands are large. 
After expiration, the picture is similar; the 
vocal cords touch, closing the trachea. The 
ventricle seems somewhat larger. Therefore, to 
visualize the cords, planigraphy should be done 
during phonation. In the normal phonation of 
the vowels, there are distinct differences in the 
appearance of cords, ventricle and bands. The 
planigrams illustrating intra- and extralaryn- 
geal tumors are very clear and the method ap- 
pears to have definite value.—M. L. Sussman. 


Jaquerop, M. Les phases évolutives de la 
tuberculose pulmonaire. (Evolutionary 
phases of pulmonary tuberculosis.) Presse 
méd., Jan. 29, 1938, 46, 157-159. 

Ranke’s classification is not sufficiently sup- 
ported by clinical facts; he did not include the 
roentgenographic findings and therefore the 
classification is not particularly useful. By 
“allergy” he meant tissue reaction to bacillary 
infection and not the cutaneous tuberculous 
reactions. The author uses allergy in the sense 
of von Pirquet—all changes in the organism 
due to the presence of a virus, resulting in 
greater sensitivity or greater resistance to a 
second infection of the same virus. 

The author suggests the following classifica- 
tion: 


1. Infantile type—First degree infection in 
an individual never before injected. Anatomi- 
cally, there is a parenchymatous lesion of 
inoculation (first degree chancre) and a lym- 
phatic infection leading to hypertrophy and 
sometimes caseation of the corresponding medi- 
astinal glands. There is a perifocal inflamma- 
tion about the first degree chancre, reaching 
more or less into the adjacent tissues. The first 
degree complex is characteristic roentgeno- 
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graphically, and clinically there are fever and 
gastrointestinal difficulties suggesting typhoid 
or paratyphoid fever. There are no pulmonary 
signs. After several days of hesitation, the 
Mantoux test and roentgenogram become posi- 
tive. In five to six weeks the clinical condition 
becomes better but the roentgenographic evi- 
dence disappears more slowly, often taking one 
to two years, leaving indelible evidence in 
calcification. This stage appears primarily be- 
tween one to two years of age. 


2. Juvenile type—In the first degree com- 
plex, let us assume that perhaps during the 
febrile period the barrier is broken and the 
bacilli enter into the blood stream, with dis- 
semination throughout the organism leading 
occasionally to meningitis or miliary tubercu- 
losis; in most cases the bacilluria is transient 
and without immediate consequences. There 
may be latent foci or infantile joint tubercu- 
losis. In the lung, aside from rare miliary tuber- 
culosis, the hematogenous spread leaves traces 
in the upper lobes, supra- or infraclavicular, 
where they are found as small calcified tu- 
bercles. Once the hematogenous spread is sown 
and the bacilli are eliminated from the circula- 
tion, the latent foci have the same immunity 
as the first infection. Toward the twentieth 
year, perhaps somewhat sooner in girls, tuber- 
culosis begins to reappear but in a different 
form. There is no fever, or a passive grippe. 
There may be a preceding weakness or loss of 
weight. Attention is drawn to the lungs because 
of a rebellious and persistent cough with ex- 
pectoration; there may be a hemoptysis. 

There are physical signs of infiltration. There 
may be a positive sputum. A roentgenogram 
localizes the infiltration; more often it is sub- 
scapular or “intercleidohilar.” There is a single 
focus, more or less dense, or many small 
bronchopneumonic nodules, with an outstand- 
ing tendency to cavitation. This has been called 
the “early infiltration.” These cavities must be 
differentiated from chronic cavities by walls of 
young tuberculous tissue merging into an ad- 
jacent pneumonic process. The process may re- 
solve completely just as the usual pneumonic 
process but over a longer period of time. Al- 
lergic hypersensitivity makes this type more 
serious in that, from the beginning, there is 
tendency to more or less acute progression 
which, however, may be arrested in favorable 
cases. 
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The question of an endogenous or exogenous 
origin of juvenile tuberculosis is discussed as 
well as the cause of the hypersensitivity of the 
tissues. 

3. Adult tuberculosis—All chronic forms in 
which there are no residual recent pneumonic 
lesions. There is balance between reactive 
fibrosis and caseation. While pneumonic areas 
persist, and they may for two to three years, 
the process is considered to be in the second 
stage. The longer it persists, the more apt it is 
to pass into the third stage. 

The methods of treatment suggested are, 
briefly: infantile type—abstention; juvenile 
type—rest by artificial pneumothorax; adult 
type—tuberculin treatment or surgical col- 
lapse.—M. L. Sussman. 


Fisu, R.H. Chronic miliary tuberculosis in chil- 
dren. Arch. Dis. Childhood, Feb., 1937, 72, 1-24. 


Fish’s paper includes a survey of the litera- 
ture and a discussion of the differential diag- 
nosis of chronic miliary tuberculosis. He de- 
scribes 10 cases. Miliary tuberculosis runs a 
chronic course more frequently in children than 
is generally recognized and recovery occurs in 
a fair proportion of these cases. Recovery is 
most common when the nodules are confined 
to the lungs, but it may also take place in 
generalized cases and even when the onset of 
the illness is moderately acute. The pathology 
of the lesion in chronic and acute cases is essen- 
tially the same. Healing of the individual 
miliary tubercles takes place by a process of 
fibrosis which usually leads to their complete 
disappearance from the roentgenograms of the 
lungs. Massive caseous glands in the upper 
mediastinum are a frequent finding in the 
juvenile type of chronic miliary tuberculosis; 
the presence of these glands may be responsible 
for the tendency to recurrent episodes of tu- 
berculous bacillemia which is a feature of these 
cases. Any one of these episodes may give rise 
to fatal meningitis; the risk of this complication 
occurring, however, is considerably diminished 
if strict rest in bed is maintained until the 
roentgenogram shows the process has cleared. 

In both the fatal and the non-fatal cases an 
interesting feature of the roentgenograms was 
the marked widening of the upper mediastinal 
shadow. This was shown at autopsy in several 
cases to be due to the presence of numerous 
large caseous paratracheal glands. 

The paper is well illustrated with roent- 
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genograms showing the miliary type of changes 
in the lungs.—R. S. Bromer. 


FaLconer, Ernest H., and Leonarp, Mavu- 
ricE E. Pulmonary involvement in lympho- 
sarcoma and lymphatic leukemia. 4m. F. 
M. Sc., March, 1938, 795, 294-301. 


The authors have studied the clinical, patho- 
logical and roentgenological findings in 25 cases 
of lymphosarcoma and 30 cases of lymphatic 
leukemia and they have compared these dis- 
eases with Hodgkin’s disease as they had pre- 
viously observed it, having reported the series 
studied at the University of California Hos- 
pital. Thirty per cent of their cases of lymphatic 
leukemia and 36 per cent of the lymphosar- 
comas showed pulmonary involvement, while 
31 per cent of their series of Hodgkin’s disease 
showed similar invasion. Three of their cases 
in the leukemia and lymphosarcoma series ap- 
peared to have primary inception in the pleura 
(though such development has not been recog- 
nized by other reports in the literature). Pleural 
effusion was present in 64 per cent of the 
lymphatic leukemia group and 67 per cent of 
the lymphosarcomas. They emphasize the im- 
portance of chest roentgenography at regular 
intervals. 

No distinctive roentgen criteria were evi- 
dent; the authors quote Kirklin and Hefke: 
“any of the three diseases may exactly re- 
semble either of the other two, and in view of 
the morbid anatomy, this might be expected.” 

The author’s “impression”’ is that roentgen 
therapy did not accomplish more than symp- 
tomatic relief, in these cases, though they 
acknowledge the fact that the two groups, with 
few exceptions, were of less favorable types. 
Massive effusion appeared to be an especially 
serious sign since the response to roentgen 
therapy was unsatisfactory after such findings. 
Among the lymphatic leukemia group, the 
duration of life was two months to eleven years, 
after recognition of symptoms; among the 
lymphosarcoma group, it was four months to 
four and a half years. The Hodgkin’s cases ap- 
peared to run a more slowly progressive and 
chronic course than either of these two.—/. 4. 
de Lorimier. 


Sraice D., and ArcHer, VINCENT 
W. Roentgen study of a nonfatal case of bi- 
lateral tularemic pneumonia treated with 
specific serum. 7. 4m. M. Ass., July 24, 1937; 
709, 264-265. 
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As reported in previous communications, the 
authors’ series of 35 unselected cases of tula- 
remia included 7 patients with proved con- 
solidation, 4 of whom survived the illness. The 
impression was obtained that tularemic pneu- 
monia was more frequent and less fatal than 
previously recorded. In the present instance the 
patient recovered from bilateral tularemic 
pneumonia after administration of anti-tu- 
larense serum. The pulmonary changes in this 
case have been studied over a period of two 
years by twenty-nine roentgenograms. The 
patient, a colored man, aged forty-three, was 
admitted in a semicomatose condition, after 
having been ill at home for two weeks. The 
rectal temperature was 103.4° F., and the pulse 
was 110 per minute. There was no anemia and 
the leukocyte count was 6,500 cells per cubic 
millimeter. The following day stereoscopic 
films of the chest revealed a diffuse haziness 
over almost the entire left side of the chest. 
The density was much greater in the central 
portion than at either the apex or the base of 
the lung. On the right side of the chest there 
was much peribronchial thickening, with in- 
creased density at the hilum. The costophrenic 
angle was slightly hazy on both sides and there 
was some elevation of the left diaphragm. 
Blood study showed a three plus agglutination 
against Bacterium tularense in dilutions up to 
1:20, reaching a maximum titer of 1:640 two 
weeks later. To follow the course of the pul- 
monary changes, roentgenograms of the chest 
were made almost daily during the febrile stage 
of the disease, twice a week during the rest of 
the period of hospitalization and on each sub- 
sequent outpatient visit. A definite pneumonic 
process in the right side of the chest was dis- 
cernible five days after admission. Roentgen 
evidence of the pneumonic lesion was still very 
prominent in the left lung nine weeks after the 
onset of the illness. When the patient returned 
two years after discharge, the stereoscopic 
films were thought to be within normal limits 
except for some questionable peribronchial 
thickening. 

The most striking fact in this case is that the 
patient survived bilateral tularemic pneumonia 
following the administration of anti-tularense 
serum (Foshay). While recovery might have 
taken place in any event, it is believed that 
the gradual and prolonged decline in the tem- 
perature curve after the use of serum is indica- 


tive of the value of this type of treatment.— 
S. G. Henderson. 
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Winter, Matcoitm D., FArRAND, BROWNLOW 
G., and Herman, Harry J. Tularemia, pul- 
monic form. ¥. 4m. M. Ass., July 24, 1937, 
109, 258-262. 


The ulceroglandular form of tularemia is 
quite common in eastern Montana, where the 
wood tick Dermacentor andersoni and the jack 
rabbit are prevalent. Most of the author’s cases 
were associated with tick bite, or occurred in 
the handling of tick-infested sheep. The present 
report is based on a group of cases, all of which 
were associated with handling sheep and with 
tick bites. Three cases of tularemic pneumonia 
and one case of tularemic bronchitis with small 
pleural effusion are reported. Agglutination 
tests for tularemia were positive in all 4 cases. 
The cases were characterized by slow extension 
of the disease process. Resolution also was very 
slow, the lesion in one case being completely 
resolved according to roentgenograms by the 
thirtieth day, while in a second case there was 
still some evidence of the original lesion on the 
sixty-second day of the illness. The white blood 
cell count was low in all cases, ranging from 5,600 
to 10,800 cells, with only slight or no evidence 
of neutrophilia. 

A search of the literature reveals only 20 
patients who have recovered from tularemic 
pneumonia. This number is increased by the 
reported 3 cases to 23. The treatment received 
by these patients was largely symptomatic 
with the addition of intravenous injections 
twice a day of sodium salicylate 1.2 gm, dis- 
solved in 30 cc. of distilled water. 

Dyspnea on exertion and general weakness 
predominated for some months after recovery, 
and would lead one to believe that a toxic 
myocarditis was the usual sequela. Pulmonary 
complications were not present in any of the 
authors’ cases of the ulceroglandular type, nor 
was either ulcer or glandular involvement 
present in any of their pulmonic cases. How- 
ever, the authors feel that the portal of entry 
in these cases was most likely through the skin. 
Tularemia should be suspected in any atypical 
pneumonia with a relatively low white blood 
cell count and slow evolution of lung changes. 
—S§. G. Henderson. 


Daum, M., and Scumirt, H. Ueber Verlager- 
ungen, Vorziehungen und Bewegungen des 
Mittelfells, die durch einseitige seltenere 
Veranderungen des Lungengewebes bedingt 
sind. (Displacements and movements of the 
mediastinum produced by rare unilateral 
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changes in the pulmonary parenchyma.) 
Fortschr. a. d. Geb. d. Réntgenstrahlen, May, 


1938, 57, 454-466. 


Normally during respiration there is no 
lateral movement of the mediastinum. Such 
may occur when the elasticity of the lung is 
altered on one side as in cystic disease and the 
equality of intrapleural and intrapulmonary 
pressures in the two halves of the chest is dis- 
turbed. Displacement may be either toward or 
away from the diseased side. Cystic disease 
may lead to faulty expansibility of a portion of 
the lung and to mediastinal hernia which in- 
creases in size on deep inspiration. These 
changes and the pendulum-like motion of the 
mediastinum may be shown kymographically 
or by films made at the end of deep inspiration 
and expiration. The findings were observed in 
7 cases exhibiting types of pulmonary cystic 
disease and are well illustrated in the article.— 
W. A. Evans, Fr. 


GreEINEDER, K. Die umklammernde hohe 
Rechtslage des Aortenbogens und ihre 
differential-diagnostische Bedeutung. (Dex- 
troposition of the aortic arch and its diag- 
nostic importance.) Fortschr. a. d. Geb. d. 
Réntgenstrahlen, May, 1938, 57; 535-539- 


A case is reported of a man, aged fifty-five, 
who was examined for injuries to his head and 
spine following a motorcycle accident. Exam- 
ination showed a rounded shadow in the upper 
mediastinum which compressed the posterior 
surface of the esophagus. The patient admitted 
some difficulty in swallowing, and a tentative 
diagnosis of benign tumor was made. More 
careful roentgen studies showed the shadow to 
be the transverse arch of the aorta on the right 
side and lying behind the esophagus. In these 
patients dysphagia may not appear until ar- 
teriosclerotic changes and dilatation occur in 
later life and then there may also be signs of 
tracheal compression.—W. A. Evans, Fr. 


Burcer, G. C. E., and van Wee, J. G. A. 
Die Méglichkeit zur planigraphischen Dar- 
stellung der intrathorakalen Lymphdriisen. 
(The possibility of showing intrathoracic 
lymph glands with planigraphy.) Fortschr. a. 
d. Geb. d. Réntgenstrahlen, Feb., 1938, 57, 


143-153. 


and Radium Literature 


DeceMBER, 1938 


The authors show with numerous illustra- 
tions how enlarged lymph glands can be more 
clearly defined and recognized by the plani- 
graphic method and recommend exposures in 
three planes to study the hilar area.—W. 4. 
Evans, Fr. 


Depi6, Sroyan. Die Ermittlung der propor- 
tionalen Herzgrésse. (The measurement of 
the proportionate size of the heart.) Fortschr. 
a. d. Geb. d. Réntgenstrahlen, Feb., 1938, 57, 
153-167. 

Linear measurements of the heart are of 
limited value because of the great variation in 
shape and position. The planimetric measure 
is better but more difficult to obtain accurately. 
The tridimensional method is in principle the 
best, but is beset with the greatest technical 
difficulty. A further difficulty is the lack of any 
reliable measurement with which to compare 
the heart measurement. Measurements of chest 
diameter, chest circumference, body size, body 
weight, and the fist have been used. A third 
difficulty is offered by the great variation in 
the normal heart. 

The author employs the planigraphic 
method, computing the surface area of the 
heart from a longitudinal and a diagonal di- 
ameter. The difficulty of locating these diam- 
eters is pointed out. To obtain reliable results 
in very long or very round hearts a different 
coefficient must be employed. Comparison with 
a direct planigraphic method in 220 ortho- 
diagrams showed the author’s method to be 
reliable. 

The height of the chest is taken to be 1/10 
of the body height and the width of the chest 
is taken at this distance below the sterno- 
clavicular junction. The product of these 
figures is taken as the chest area. A ratio is 
thus obtained of chest area to cardiac area. 

The material of the study consists of 220 
healthy male and female students all under 
thirty years of age. An imperfect correlation of 
heart and chest size was obtained. The ratio 
for the average normal is about 4, with varia- 
tion from 3.50 to 4.90. 

This is shown by numerous tables with differ- 
ent arrangements of the cases into comparable 
groups.—W. A. Evans, Fr. 
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(abs) = abstract 


Asscess, extrathoracic, presence of, in diverticulum 
of pericardium (abs), 465 
perinephritic, roentgen diagnosis, 371 
AcroMEGALy, place of irradiation in, 660 
Apenomas, chromophobe, of pituitary, pathologic 
features and response to irradiation, 645 
ADOLESCENCE, separation of capital epiphysis of 
femur in, 580 
ADOLESCENT humerus varus, 682 
ADRENAL, primary carcinoma of (abs), 471 
AEROMAMMOGRAPHY in diagnosis of breast tumors 
(abs), 147 
ALBuMIN, Salt-free, effect of ultraviolet radiation on, 
sol 
ALBUMINURIA, orthostatic, roentgen study of, by 
means of injections of diodrast (abs), 470 
ALCOHOL INJECTION, subarachnoid, for relief of 
brachial neuritis, 606 
ALLERGY, food, roentgen studies of children with 
alimentary disturbances due to (abs), 151 
AmerIcAN Boarp or Rapio.ocy, diplomates of, 928 
AMERICAN COLLEGE OF PuysiIciANns, 772 
AmeERICAN Conoress OF PuysicaL THERAPY, 309 
AMERICAN RapivuM Society, 310 
annual meeting (E), 623 
AMERICAN ROEnTGEN Ray Society, annual meeting 
(E), 294; (E), 760 
commercial exhibit, 771 
preliminary program, 299 
scientific exhibit, 767 
Anemia, sickle cell, changes in vessels and bones 
(abs), 159 
ANEURYSM, dissecting, of aorta (abs), 150 
Aneurysms of aortic sinuses or sinus of Valsalva, 
828 
roentgen kymographic studies of, 165 
ANGINA PECTORIS, 638 
ANGIOMAS, interstitial use of low radium content 
monel metal needles in treatment of, 899 
ANORECTAL PLUG, 935 
ANTHRACOSILICOSIS, association of, with carcinoma 
of bronchus (abs), 462 
ANTI-CANCER WEEK, 771 
Aorta, dextroposition of arch of, and its diagnostic 
importance (abs), 942 
dissecting aneurysm of (abs), 150 
stenosis of (abs), 638 
visualization of, by method of roentgenographic 
overpenetration, 396 
Aortic sinuses, aneurysms of, 828 
valve, calcareous stenosis of, etiology (abs), 640 
APOPHYSEAL ARTICULATIONS, diseases of (abs), 793 
APPARATUS, roentgenographic, control and calibra- 
tion of, 741 
Aquebuct, tumors of, ventriculographic localization, 
348 


(E) = editorial 


ARTERIES, differentiation of functional and organic 
disease of, by roentgen injection (abs), 159 
occluded, large, maintenance of functional in- 
tegrity of, as demonstrated by thorotrast 
arteriography (abs), 480 
ArTERIOGRAPHY, cerebral, fate of thorium dioxide 
(thorotrast) in (abs), 636 
thorotrast, maintenance of functional integrity 
of occluded large arteries as demonstrated 
by (abs), 480 
ARTERIOGRAM of skull, diagnostic significance of 
tumor vascularity in (abs), 938 
Arruritis, chronic, influence of venous stasis on 
production of (abs), 477 
chronic, of children, pathology of (abs), 476 
ArTICcULATIONS, apophyseal, diseases of (abs), 793 
AsBeEstTosis, pulmonary (abs), 458 
AstrocyToa, analysis of 128 cases of (abs), 457 
ATELECTASIS, massive, of lung, complicating pneu- 
mococcus pneumonia (abs), 636 
Arxas, fractures of, resulting from automobile ac- 
cidents, 867 
Arropuic BONES, healing of fractures of (abs), 795 
Auric.e, left, roentgenologic anatomic study of, 
following post-mortem opacification, 838 
left, significance of dilatation of, in auricular 
fibrillation, 184 
AUTOMOBILE ACCIDENTS, fractures of atlas resulting 
from, 867 


Back-scATTER from roentgen beams, reduction of, 
608 
BACTERIOLOGICAL EXAMINATION, roentgen diagnosis 
of vital pulp infection confirmed by, 386 
Barium enemas, cuff balloon for retention of, 780 
sulphate suspension in colloidal aluminum hy- 
droxide, 705 
BENZEDRINE SULPHATE, effect on motor function, on 
gastric acidity and on evacuation of biliary 
system (abs), 641 
BiLiary sysTEM, effect of benzedrine sulphate on 
evacuation of (abs), 641 
Bio.ocical effectiveness, relative, of fast neutrons 
and x-rays upon different organisms (abs), 
483 
measurement of depth doses (abs), 164 
measurement of radiation quantities, 906 
test of inverse square law as applied to roentgen 
radiation (abs), 164 
BismuTH, changes in growing skeleton after ad- 
ministration of (abs), 158 
BLADDER, urinary, carcinoma of, treated by super- 
voltage roentgen rays, 715 
urinary, late complications of, following radium 
to uterus or uterine cervix, 895 


943 


| 
. 
% 
2 
' 
| 4 
4+. 
‘ 
| 
| 
| 
i 
{ 


944 Subject Index 


B.oop cells of cancer patients, effect of lead therapy 
on (abs), 313 
circulation of, roentgen cinematography of, 913 
stream, experimental observations on spread of 
carcinoma by (abs), 798 
sugar level of children, effect of encephalography 
on (abs), 456 
vessels, changes in, in sickle cell anemia (abs), 
159 
Bone, calcification of myocardium with formation of 
(abs), 464 
formation, parosteal and para-articular, in or- 
ganic nervous diseases (abs), 477 
histological changes in, produced by irradiation, 
§25 
marrow, effect of potassium arsenite and roent- 
gen therapy on, given for chronic myeloge- 
nous leukemia (abs), 312 
syphilis, roentgen manifestations, 215 
Bones, atrophic, healing of fractures of (abs), 795 
brittle, and blue sclerae (abs), 478 
brittle, and blue sclerae in five generations 
(abs), 478 
changes in, in sickle cell anemia (abs), 159 
clinically demonstrable changes in, in leukemia 
(abs), 477 
of infants, evidences of disturbed prenatal and 
neonatal growth in (abs), 473 
Book Reviews 
The Rdle of Chemiotaxis in Bone Growth. By 
A. P. Bertwistle, 141 
The Treatment of Clinical and Laboratory 
Data: An Introduction to Statistical Ideas 
and Methods for Medical and Dental 
Workers. By Donald Mainland, 141 
La hernie postérieure du ménisque interverté- 
bral (hernie nucléaire postérieure) et 
ses complications nerveuses. Par Pierre 
Glorieux, 142 
Methodik der R6ntgenuntersuchung des Kehl- 
kopfes. Von Dr. Richard Waldapfel, 143 
X-Rays and Radium in the Treatment of Dis- 
eases of the Skin. By George M. MacKee, 
445 
Primary Carcinoma of the Lung. By Edwin J. 
Simons, 445 
The Roentgenologist in Court. By Samuel 
Wright Donaldson, 446 
Traité de chirurgie orthopédique. Par L. Ombré- 
danne et P. Mathieu, 446 
Traumatismes du pied et rayons X: Malléole— 
astragale—calcanéum—avantpied. Par Et- 
ienne Destot, 447 
Atomic Artillery: Modern Alchemy for Every- 
man. By John Kellock Robertson, 448 
Medical Uses of Radium. Medical Research 
Council, 774 
A Symposium on Cancer, 777 
Cutaneous Cancer and Precancer: A Practical 
Monograph. By George M. MacKee, 777 


DecemBer, 1938 


Siebzehn Jahre Strahlentherapie der Krebse, 
Ziicher Erfahrungen 1919-1935. Von Hans 
R. Schinz und Adolf Zuppinger, 778 
BRACHIAL NEvRITIS, subarachnoid alcohol injections 
for relief of, 606 
Brain, tumor of, with normal encephalogram (abs), 
456 
ventricular changes caused by proved tumors of, 
140 
Breast, adolescent virginal, roentgen appearance, 
197 
adult, anatomy of, 191 
adult (non-lactational), roentgen appearance, 
198 
carcinoma, classification of, to indicate prefer- 
able therapeutic procedures (abs), 796 
carcinoma, early, roentgen diagnosis of (abs), 
147 
changes in, during menstrual period, 193 
normal, roentgen examination, value in demon- 
strating early neoplastic changes, 189 
post-climacteric and senile, roentgen appear- 
ance, 199 
tumors, preoperative visualization of (abs), 147 
Broncul, malignant stenosis of, bronchographic as- 
pect, 180 
Broncuiecrtasis in children (E), 923 
roentgen therapy of (abs), 162 
BroncuocraPHy in malignant bronchial stenosis, 180 
with iodized oil not without danger (abs), 465 
BRONCHOPNEUMONIA, suppurative, 22 
BRONCHUS, carcinoma of, in association with anthra- 
cosilicosis (abs), 462 


CALCIFICATION, coronary, roentgen diagnosis of 
(abs), 639 
in soft tissues about various joints, 1 
intrathoracic, development of, in tuberculin- 
positive infants (abs), 148 
of myocardium with bone formation (abs), 464 
CALCIFIED LEsIons of primary tuberculosis in in- 
testine in adults (abs), 469 
CaLcu_t, multiple giant, of prostate gland, 63 
CaLLus, experimental non-calcification of, simulat- 
ing non-union (abs), 795 
Cancer, effect of lead therapy on blood cells of 
patients with (abs), 313 
intraoral, osteoradionecrosis in, 524 
Iowa experiment in control of, 903 
methods and results in treatment of, by contact 
roentgen therapy (abs), 315 
of bronchi, bronchographic aspect, 180 
of cervix uteri treated by supervoltage roentgen 
rays, 715 
of larynx, planigraphy of (abs), 939 
of larynx, results of roentgen therapy, 509 
of lip (abs), 160 
of ovary, treatment of, 891 
of prostate treated by supervoltage roentgen 
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of urinary bladder treated by supervoltage 
roentgen rays, 715 
pancreatic, radiation treatment, 708 
primary, of duodenum, 377 
seventeen years’ experience in radiation therapy 
of, 485 
trend in radiotherapy of (abs), 644 
Carcinoma, early, of breast, roentgen diagnosis of 
(abs), 147 
experimental observations on spread of, by 
blood stream (abs), 798 
in case of esophageal hiatus hernia, 381 
inoperable collum, results obtained in radiation 
treatment of, 264 
inoperable rectal, successful irradiation of eight 
cases (abs), 322 
mammary, classification of, to indicate pref- 
erable therapeutic procedures (abs), 796 
methods of supervoltage radiation therapy in 
(abs), 317 
of bronchus in association with anthracosilicosis 
(abs), 462 
of female genitalia, results with contact therapy 
by method of Schaefer-Witte (abs), 315 
of infrapapillary portion of duodenum (abs), 467 
of lung in asbesto-silicosis (abs), 458 
of rectum (abs), 161 
of suprapapillary portion of duodenum (abs), 
468 
of uterine cervix, development of forms of treat- 
ment during last one hundred years, 805 
of uterine cervix, survey of treatment and re- 
sults in 1,491 cases, 47 
of uterus, bilateral subcapital fractures of 
femurs following, 383 
primary, of adrenal (abs), 471 
primary, of urethra, radium therapy in, 535 
spindle cell epidermoid (abs), 321 
squamous cell, of uterine cervix, effect of radia- 
tion upon reticulum (abs), 322 
CaRTILAGE, articular, new roentgen method for 
demonstrating, without use of contrast 
substances (abs), 642 
Ce.t, living, temperature coefficient of effect of 
radiation on proteins and its relation to 
injury of, 
phase, sensitive, attempt to accentuate, during 
fractional irradiation (abs), 319 
CEREBELLOPONTINE ANGLE, tumors of, ventriculo- 
graphic localization, 348 
CuHaout’s METHOD of contact therapy: See Roentgen 
therapy, contact 
CueEst, evolution of roentgenographic technique of, 
405 
CHICKENS, roentgen therapy in erythroleukosis in 
(abs), 323 
Cuitpren, bronchiectasis in (E), 923 
chronic miliary tuberculosis in (abs), 940 
effect of encephalography on blood sugar level 
of (abs), 456 
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hypertrophic pulmonary osteo-arthropathy in 
(abs), 157 
normal, end-results of irradiation of thymus 
gland in, 416 
pathology of chronic arthritis of (abs), 476 
roentgen appearance of suture lines in posterior 
cranial fossa of (abs), 937 
with alimentary disturbances due to food al- 
lergy, roentgen studies of (abs), 151 
young, factors influencing course of tuberculous 
infection in (abs), 148 
CHOLEcysTEcToMy as therapeutic procedure for 
typhoid carriers (abs), 314 
CHOLEsTEATOMA of frontal sinus (abs), 937 
CHONDRODYSPLASIA, case of, resembling osteitis 
fibrosa cystica (abs), 474 
pLexus, displacement and recession of, 669 
CHROMOPHOBE ADENOMAS of pituitary, pathologic 
features and response to irradiation, 645 
CINEMATOGRAPHY, roentgen, small film (abs), 798 
roentgen, studies on, of internal organs and 
circulation of blood of human body, 913 
Co..oipaL aluminum hydroxide, barium sulphate 
suspension in, 705 
CoLLuM carciNnoMA, inoperable, results obtained in 
radiation treatment of, 264 
Coton, comparison of methods of roentgen examina- 
tion of (abs), 154 
normal, roentgen kymography of, 173 
study of, by barium meal and barium enema in 
pulmonary tuberculosis (abs), 469 
Compression, acuté and chronic, of heart (abs), 149 
ConFrERENCE OF EasTERN RADIOLOGISTS, 773 
ConFrerENCE OF Mip-WeEsTERN RADIOLOGISTS, 773 
ConGENITAL absence of middle of esophagus, 240 
cystic disease of lung, diagnosis (abs), 458 
heart disease, diagnosis of (abs), 149 
hypothyroidism, stippled epiphyses with, 675 
ConTRAST MEDIUM, improved, for roentgen diagnosis 
of gastrointestinal lesions, 705 
thorotrast as (abs), 798 
CoRONARY CALCIFICATION, roentgen diagnosis of 
(abs), 639 
CouTarp’s METHOD: See Roentgen irradiation 
Coxa pLANA: See also Osteochondritis deformans 
juvenilis 
first stages of (abs), 790 
CRETINOID epiphyseal dysgenesis, 675 
Curie, Pierre and Marie, medal commemorating 
discovery of radium by, 772 
Cyst, non-parasitic extradural, of spinal canal (abs), 
643 
Cysts, congenital, of lung, diagnosis (abs), 458 
of glomus, enlarged defect due to, 357 
of nasopalatine canal (abs), 636 


DeEFECATION in man, roentgen kymographic study,173 
DensiTometer, photo-electric, 610 

DenrTI1n, and enamel, rate of apposition of, measured 
by effect of acute fluorosis (abs), 146 
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Dermatitis, roentgen, experimental determination 
of epilation dose of roentgen rays in relation 
to (abs), 323 

DiapHracM, hernia of, clinical and roentgenologic 
manifestations and surgical treatment 
(abs), 641 

Dicestion, practical importance of mechanics in, 
325 

Ditaration, left auricular, significance of, in auri- 
cular fibrillation, 184 

Dioprast, roentgen study of orthostatic albumi- 
nuria by injections of (abs), 470 

Dir.tomates of American Board of Radiology, 928 

Diverticu.osis of small intestine, 689 

DiverticuLum of pericardium (abs), 464; (abs), 465 

traction, of esophagus (abs), 465 
Dosace, questions of (abs), 324 
true tissue, in high voltage therapy, measure- 

ments of, 104 

Doses, depth, biological measurement of (abs), 164 

Dosimetry, roentgen, its evolution and present 
status (abs), 803 

Drosophila eggs used in measurement of depth doses 


(abs), 164 
DvuopenwM, carcinoma of infrapapillary portion of 
(abs), 467 
carcinoma of suprapapillary portion of (abs), 
468 


primary cancer of, 377 
DysGENEsIs, cretinoid epiphyseal, 675 


Ecuinococcosis, pulmonary (abs), 462 
Echinococcus granulosus, infestation of lung by (abs), 
462 
EpiroriA.s 
The etiology of peptic ulcer, 130 
The annual meeting, 294 
The status of the radiologist in hospital practice, 
295 
Ellis Fischel, 1883-1938, 438 
What is the issue? 439 
The annual meeting of the American Radium 
Society, 623 
The Henry Harrington Janeway lecture and 
medal, 626 
The annual meeting, 760 
Harvey Ward Van Allen, 1869-1938, 762 
Bronchiectasis in children, 923 
Errect, biological, of neutron rays (abs), 644 
of encephalography on blood sugar level of 
children (abs), 456 
of radiation on oil, 427 
of radiation on proteins and its relation to injury 
of living cell, temperature coefficient of, 501 
of roentgen rays on growth of mouse sarcoma 
180 irradiated in vivo (abs), 323 
of roentgen rays on stomach in rabbits, 243 
of roentgen rays on tumors in animals treated 
by prolonged continuous exposure of en- 
tire body, 418 
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Errusion, pericardial, new roentgen sign of (abs), 
149 
E sow Jo1nT, ossification in ligaments of (abs), 788 
posterior dislocation of, complicated by frac- 
ture of medial epicondyle and ulnar-nerve 
injury (abs), 788 
EMBOLI, venous air, experimental studies on (abs), 
802 
Empxysema of artificial pneumothorax lung (abs), 
462 
pulmonary, cardiogenic theory of (abs), 461 
roentgen diagnosis (abs), 855 
roentgenological manifestations of, 863 
ENAMEL, and dentin, rate of apposition of, measured 
by effect of acute fluorosis (abs), 146 
ENCEPHALOGRAPHY, effect of, on blood sugar level of 
children (abs), 456 
with ethylene (abs), 146 
ENCEPHALOGRAM, tumor of brain with normal (abs), 
456 
EnGLanD, hospital-physician relations in, 929 
ENTERITIS, regional (abs), 468 
Enteroco.itis, tuberculous (abs), 469 
EpiconpyYLe, internal, intra-articular displacement 
of, foliowing dislocation (abs), 471 
medial, fracture of (abs), 788 
EpILaTION DOsE of roentgen rays in relation to roent- 
gen dermatitis, experimental determination 
of (abs), 323 
EpipHYSEOLYsIs, 580 
roentgenogram after treatment of, 595 
Epipuyses, stippled, with congenital hypothyroid- 
ism, 675 
Epipnysis, capital, of the femur, separation of, in 
adolescence, 580 
slipped femoral, roentgen changes, 586 
slipping femoral, importance of early diagnosis 
in treatment of (abs), 156 
upper femoral, treatment of slipping of, with 
minimal displacement (abs), 789 
ERYTHEMA NopDOosuM, rheumatic (abs), 476 
EryTHROLEvUKOsis in chickens,¥roentgen therapy 
(abs), 323 
Esopuacus, congenital absence of middle of, 240 
hiatus hernia of, carcinoma in, 381 
metastatic obstruction of, 737 
traction diverticulum of (abs), 465 
EvrHYLENE, encephalography with (abs), 146 
Eve’s constant (abs), 481 


Femur, importance of early diagnosis in treatment 
of slipping epiphysis of (abs), 156 
internal fixation in fresh fractures of neck of 
(abs), 789; (abs), 790 
separation of capital epiphysis of, in adolescence 
580 
upper epiphysis of, treatment of slipping of, 
with minimal displacement (abs), 789 
Femurs, bilateral subcapital fractures of, following 
carcinoma of uterus, 383 
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ular dilatation in, 184 
FisRoMA, ossifying, of maxillary sinus, successfully 
treated with irradiation (abs), 457 
FiscHEL, Exuis, 1883-1938, obituary (E), 438 
portrait, 438 
Fioripa Rapro.ocicar Society, 139 
FLvokosis, acute, rate of apposition of enamel and 
dentin, measured by effect of (abs), 146 
Foops, roentgen studies of children with alimentary 
disturbances due to allergy to (abs), 151 
Foramina, enlarged parietal, 571 
Fracture of medial epicondyle (abs), 788 
of patella, hitherto undescribed (abs), 643 
FRACTURE-DISLOCATION and dislocation of lower 
cervical vertebrae (abs), 471 
Fractures, bilateral subcapital, of femurs following 
carcinoma of uterus, 383 
fresh, of neck of femur, internal fixation in 
(abs), 789; (abs), 7g0 
multiple spontaneous idiopathic symmetrical 
(abs), 643 
of atlas resulting from automobile accidents, 
867 
of atrophic bones, healing of (abs), 795 
of spine, results of postural reduction of (abs), 
792 


| FIBRILLATION, auricular, significance of left auric- 


GALLBLADDER, absorption of sodium tetraiodo- 
phenolphthalein from normal and damaged 
(abs), 470 
studies of function of (abs), 470 
GamMa radiation, demonstration of, from living 
| patient following thorotrast injection (abs), 
644 
| radiation, ionization measurement of, 80, 104 
rays, measurement of, 69 
rays, some problems of measurement of, in 
| radiology, 92 
GASTROINTESTINAL TRACT, compression blocks in 
roentgenography of, 451 
cooperation of surgeon and radiologist in treat- 
ment of tumors of, from roentgen viewpoint 
(abs), 312 
effect of benzedrine sulphate on motor function 
of (abs), 641 
improved contrast medium for roentgen diag- 
nosis of lesions of, 705 
| roentgen studies of children with disturbances 
of, due to food allergy (abs), 151 
Gastroscopy in diagnosis of diseases of stomach 
| (abs), 466 
GENITALIA, female, carcinoma, results with contact 
| therapy by method of Schaefer-Witte 
(abs), 315 
| GIANT CELL tumor, benign, changes occurring at 


sites of, several years following treatment 
by conservative measures, 817 

Giomus, enlarged defect, contralateral to side of 
ventricular puncture, 357 
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GRASSHOPPER EGGS in test of inverse square low as 
applied to roentgen radiation (abs), 164 

Growth, evidences of disturbed prenatal and neona- 
tal, in bones of infants aged one month 
(abs), 473 

GyneEcoLocy, method of contact therapy in (abs), 
315 


Heart, acute and chronic compression of (abs), 149 
changes in pulsation of, during respiration, rela- 
tive to function of pericardium (abs), 639 
concealed mitral stenosis of, roentgen recogni- 
tion (abs), 640 
disease, active rheumatic, roentgen therapy of 
(abs), 313 
disease, congenital, diagnosis of (abs), 149 
failure of, secondary to chronic pulmonary tu- 
berculosis (abs), 463 
measurement of proportionate size of (abs), 942 
normal spontaneous variations in size of (abs), 
463 
roentgenologic anatomic study of left auricle 
following post-mortem opacification, 838 
size, of, in pulmonary tuberculosis (abs), 462 
HEMANGIOMA, interstitial use of low radium content 
monel metal needles in treatment of, 899 
Herepitary hypoplasia of mesenchyme (abs), 478 
Hernia, diaphragmatic, clinical and roentgenologic 
manifestations and surgical treatment 
(abs), 641 
mediastinal (abs), 640 
reducible, roentgen diagnosis, 392 
HIaTus HERNIA, esophageal, carcinoma in case of, 
381 
Hip, abnormal, roentgenogram of, in various pro- 
jections, $90 
dashboard dislocation of (abs), 472 
hypothyroidism as cause of disease of (abs), 472 
joint, development of, 580 
normal, roentgenogram of, in various projec- 
tions, $81 
of monkey, roentgenograms of, in various pro- 
jections, $91 
traumatic, dislocation of, followed by Legg- 
Perthes’ disease (abs), 792 
History of mekapion and present-day evolutionary 
state (abs), 804 
HopckIn’s DISEASE, teleroentgen therapy in (abs), 
321 
insurance plans, roentgenologist, patholo- 
gist and anesthetist under, 308 
-physician relations in England, 929 
practice, status of radiologist in (E), 295 
HospirTAt.s, practice of medicine in, controversy be- 
tween organized hospital and organized 
medical profession (E), 439 
Humerus varus, typical form of, 682 
Hypatip clinical, laboratory and roent- 
genographic observations (abs), 480 
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HyprocepHa.us, internal, hyperostosis cranii as- 
sociated with, and metabolic disturbances 
(abs), 936 
HypDROPNEUMOPERICARDIUM, 410 
HyPEROSTOSIS CRANII associated with internal hy- 
drocephalus and metabolic disturbances 
(abs), 936 
HyPeRPARATHYROIDISM, diagnosis (abs), 479 
unusual case of (abs), 636 
Hypopuysis CEREBRI, tumors of, from roentgen 
viewpoint, 548 
Hypoptasia, hereditary, of mesenchyme (abs), 478 
HyporuyroipisM as a cause of disease of hip (abs), 
472 
congenital, stippled epiphyses with, 675 


ILeum, terminal, study of, by barium meal and 
barium enema in pulmonary tuberculosis 
(abs), 469 
INDIANA ROENTGEN Society, 139 
InFants, evidences of disturbed prenatal and neona- 
tal growth in bones of (abs), 473 
hypertrophic pulmonary osteo-arthropathy in 
(abs), 157 
normal, end-results of irradiation of thymus 
gland in, 416 
tuberculin-positive, development of intrathor- 
acic calcification in (abs), 148 
tuberculin-positive, mortality in (abs), 148 
InrecTION, vital pulp, roentgen diagnosis of, con- 
firmed by bacteriological examination, 386 
INFLAMMATIONS, acute and chronic, method of ir- 
radiation of, with weak doses (abs), 320 
InyjuRIES, professional, resulting from roentgen rays, 
clinic and therapy (abs), 321 
INTERNATIONAL RECOMMENDATIONS for x-ray and 
radium protection, 134 
InteER-Society CoMMITTEE FOR RADIOLOGY, report 
of, 631 
InresTINE, calcified lesions of primary tuberculosis 
of, in adults (abs), 469 
small, diverticulosis of, 689 
stasis of, due to low mineral intake (abs), 164 
INVERSE SQUARE LAW, biologic test of, as applied to 
roentgen radiation (abs), 164 
lopizep o11, bronchography with, not without 
danger (abs), 465 
Ionization chamber, thin-walled, study of radio- 
intensity in close proximity to radioactive 
preparations by means of (abs), 481 
measurement of gamma radiation, 80, 104 
method for decreasing, in skin applicable to 
supervoltage roentgen therapy (abs), 163 
lowA EXPERIMENT in cancer control, 903 
IRRADIATION sickness (abs), 798 
IscHIOPUBIC OSTEOCHONDRITIS (abs), 157 
IscuiuM, tuberculous osteitis of (abs), 472 


Janeway Memoria Lecture, 805 
and medal (E), 627 
Jaws, tumors of (abs), 457 
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Kipneys, pyelo-ureterography in inclined planes, 
73° 
roentgen diagnosis of perinephritic abscess and 
perinephritis, 371 
Ki IpPEL-FEIL SYNDROME with unusual clinical mani- 
festations, 43 
KNEE in flexion, posteroanterior roentgen view of 
(abs), 802 
post-traumatic changes (abs), 642 
joint menisci, new roentgen method for demon- 
strating (abs), 642 
joint, pneumoroentgenography of (abs), 794 
KyMoGRaAPHY in demonstrating new roentgen sign 
in pericardial effusion (abs), 149 
in diseases of pericardium (abs), 150 
roentgen, of normal colon, 173 
roentgen, studies by, of aneurysms and medias- 
tinal tumors, 165 


Larynx, cancer of, results of roentgen therapy, 509 
cancerous and noncancerous, planigraphy of 
(abs), 939 
roentgenography of, in frontal view (abs), 938 
Leap diaphragm, use of, to collimate x-ray beam for 
treatment purposes (abs), 482 
lines, absence of, in skeleton in lead poisoning 
(abs), 475 
miners, acute silicosis in (abs), 637 
poisoning associated with active rickets (abs), 
475 
therapy, effect of, on blood cells of cancer pa- 
tients (abs), 313 
Leukemia, chronic myelogenous (abs), 312 
clinically demonstrable bone changes in (abs), 
477 
lymphatic, pulmonary involvement in (abs), 
940 
teleroentgen therapy in (abs), 320 
Licaments of elbow joint, ossification in (abs), 788 
LIGAMENTUM FLAVUM, enlargement of, a cause of 
low-back pain with sciatic radiation (abs), 
2 
Lip, cancer of (abs), 160 
Lip1opoL, use of, in diagnosis of emphysema, 863 
use of, preliminary to high spinal alcohol in- 
jection, 606 
Lone Istanp RaproLocicat Society, 773 
Low-Back PAIN, enlargement of ligamentum flavum, 
a cause of (abs), 792 
Lun«, artificial pneumothorax, emphysema of (abs), 
462 
massive atelectatic collapse of, complicating 
pneumococcus pneumonia (abs), 636 
LunGs, carcinoma of, in asbesto-silicosis (abs), 458 
corgenital cystic disease of, diagnosis (abs), 458 
damage to, by paraffin oil (abs), 638 
displacements and movements of mediastinum 
produced by rare unilateral changes in 
parenchyma of (abs), 942 
echinococcosis of (abs), 462 
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emphysema, cardiogenic theory of (abs), 461 
hypertrophic osteo-arthropathy involving, in 
infants and children (abs), 157 
involvement of, in lymphosarcoma and lym- 
phatic leukemia (abs), 940 
limits of roentgen differential diagnosis in hemat- 
ogenous disease of (abs), 637 
non-putrid suppuration of, 22 
roentgen planigraphy in study of (abs), 150 
LyMPH GLANDS, intrathoracic, possibility of showing, 
with planigraphy (abs), 942 
LympxHoma, tuberculous, effect of distant roentgen 
therapy on (abs), 320 
LymPHOSARCOMA, pulmonary involvement in (abs), 
940 


Matacia, traumatic, of tarsals and metatarsals, 616 
MALIGNANT DISEASE, luetic osteitis simulating 224 
of thyroid gland (abs), 636 
three-year results in treatment of, with super- 
voltage roentgen therapy (abs), 797 
Marie-BAMBERGER’S DISEASE (abs), 157 
Mastitis, chronic, radiation therapy of, 517 
puerperal, roentgen therapy of (abs), 322 
MeEasureMENT, biological, of depth doses (abs), 164 
biological, of radiation quantities, 906 
exact, of radiation, shield for enabling (abs), 482 
gamma-ray, some problems of, in radiology, 92 
ionization, of gamma radiation, 80, 104 
of gamma rays, 69 
of radiation energy and true tissue dosage 
(energy absorption) in high voltage roent- 
gen therapy, 104 
quantitative, of roentgen-ray absorption of 
tooth slabs, 108, 269 
MEcHANICs in digestion, practical importance of, 325 
MepaAts of Janeway Lecture, 627 
MEDIASTINUM, anterior, solid teratoid tumors of 
(abs), 463 
displacements and movements of, produced by 
rare unilateral changes in pulmonary par- 
enchyma (abs), 942 
hernia of (abs), 640 
tumors, roentgen kymographic studies of, 165 
Mexapion, history of, and present-day evolutionary 
state (abs), 804 
Me vorueostosis Léri (abs), 474 
Meniscl, knee joint, new roentgen method for 
demonstrating (abs), 642 
MEsencuHyME, hereditary hypoplasia of (abs), 478 
Metasotic disturbances, hyperostosis cranii as- 
sociated with, 936 
Metastatic obstruction of esophagus, 737 
METATARSALS, traumatic malacia of, 616 
Mice, histogenesis of ovarian tumors produced in, 
by x-rays (abs), 484 
neoplastic diseases produced in, by general 
roentgen irradiation (abs), 322 
MIcRO-INCINERATION Of epithelial tumors with re- 
gard to radiosensitivity (abs), 484 
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MINERALS, intestinal stasis due to diet low in (abs), 
164 

MITRAL VALVE, concealed stenosis of, roentgen rec- 
ognition (abs), 640 

Morquio’s pisEAsE (abs), 475 

Morvan’s type of syringomyelia, roentgen findings, 
230 

Mouth, cancer, osteoradionecrosis in, 524 

method of securing radium needles in, 785 

MyocarpivuM, calcification of, with bone formation 
(abs), 464 

Myositis ossiFicans (abs), 796 

MyxepeMa, juvenile, changes simulating Legg- 
Perthes’ disease (abs), 791 


NASOPALATINE CANAL, cysts of (abs), 636 
NAsoOPHARYNX, tumors of, new instrument for ir- 
radiation with radium or radon, 723 
Nervous diseases, organic, parosteal and para- 
articular bone formation in (abs), 477 
system, central, various methods of irradiation 
in treatment of (abs), 314 
Neuritis, brachial, subarachnoid alcohol injection 
for relief of, 606 
Neutrons, biological action (abs), 644 
fast, and x-rays, relative biological effectiveness 
of, on different organisms (abs), 483 
New York RoeEnNTGEN Society, 140 
Non-cCALCIFICATION of callus, experimental, simulat- 
ing non-union (abs), 795 


O1L, effects of radiation on, 427 
OLLIER’s DISEASE: See Chondrodysplasia 
OPACIFICATION, post-mortem, roentgenologic ana- 
tomic study of left auricle following, 838 
OrGans, internal, roentgen cinematography of, 913 
Osmotic tension of test meals, effect of, on gastric 
emptying, 335 
OssiFIcaTION in ligaments of elbow joint (abs), 788 
of tendo achillis (abs), 476 
OsreitTI1s, luetic, simulating malignant disease, 224 
fibrosa cystica, case of chondrodysplasia re- 
sembling (abs), 474 
tuberculous, of ischium (abs), 472 
OsTEO-ARTHROPATHY, hypertrophic pulmonary, in 
infants and children (abs), 157 
OsteocHonpritis, ischiopubic (abs), 157 
deformans juvenilis, changes simulating, due to 
juvenile myxedema (abs), 791 
deformans juvenilis, following traumatic dis- 
location of hip (abs), 792 
OsTEODYSTROPHIA FIBROSA (abs), 158 
OsTEomyELItTis of patella (abs), 473 
of skull (abs), 937 
OsTEOPETROSIS, pregnancy complicated by (abs), 794 
OsTEOPOROSIS MELOLYTICA (abs), 643 
OsTEORADIONECROSIS in intraoral cancer, 524 
Ovary, cancer of, treatment, 891 
tumors of, histogenesis of, produced in mice by 
x-rays (abs), 484 
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Paciric Roentcen 773 
PANcrREAS, cancer of, radiation treatment, 708 
PARAFFIN OIL, pulmonary damage due to (abs), 638 
PARATHYROID GLAND, anterior mediastinal tumor of, 
removed by trans-sternal approach (abs), 
636 
PARENCHYMA, pulmonary, displacements and move- 
ments of mediastinum produced by rare 
unilateral changes in (abs), 942 
PARIETAL BONES, enlarged foramina of, 571 
Pasteur Lecture, 772 
Parte ta, hitherto undescribed fracture of (abs), 643 
osteomyelitis of (abs), 473 
PELLEGRINI-STIEDA’S DISEASE (abs), 642 
Petvimetry, combination of, with pelviography, 
369 
Pevis, female, shape of, and its clinical significance, 
359 
Peptic uLcerR, benign and malignant, possibility of 
clinical roentgenological differentiation be- 
tween (abs), 466 
bleeding, demonstrability of, by roentgen ray 
(abs), 641 
etiology of (E), 130 
PERICARDIAL EFFUSION, new roentgen sign (abs), 149 
PericarpiuM, changes in pulsation of heart during 
respiration relative to function of (abs), 639 
diverticulum of (abs), 464; (abs), 465 
kymography in diseases of (abs), 150 
PERINEPHRITIS, roentgen diagnosis, 371 
PERITENDINITIS CALCAREA, diagnosis, pathology and 
treatment, 1 
PeRTHES’ DISEASE: See Coxa plana and Osteochon- 
dritis deformans juvenilis 
PHOSPHORUS POISONING, acute (abs), 474 
PHOTO-ELECTRIC DENSITOMETER, 610 
PuysioLocy, gastric, in man, experimental studies, 
335 
gastric, in man, studies on, 695 
Pierson, Joun W., portrait opposite page 645 
PirrspuRGH RoENTGEN Society, 140 
PrrurTAry GLAND, chromophobe adenomas of, path- 
ologic features and response to irradiation, 
645 
PLACENTA PREVIA, roentgenologic diagnosis of, 37 
PLACENTOGRAPHY, indirect, 37 
PLANIGRAPHY, measurement of proportionate size of 
heart by (abs), 942 
of larynx, cancerous and noncancerous (abs), 
939 
possibility of showing intrathoracic lymph 
glands with (abs), 942 
roentgen, in pulmonary diagnosis (abs), 150 
PLATYSPONDYLIA AORTOSCLEROTICA, a peculiar dis- 
ease of spinal column (abs), 156 
Pievura, delayed metastatic sarcoma of (abs), 458 
PLevurat cavity, bilateral collections of fluid in, 859 
Pneumonia, bilateral tularemic, roentgen study of 
nonfatal case treated with specific serum 
(abs), 940 
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pneumococcus, massive atelectatic collapse of 
lung complicating (abs), 637 
resolving lobar, in adults simulating tuberculosis 
in roentgenogram, 202 
PNEUMOROENTGENOGRAPHY Of knee joint (abs), 794 
PneumotHorax, accidental extrapleural, roentgen 
appearance, 545 
artificial, diagnostic value of, in delayed meta- 
static sarcoma of pleura (abs), 458 
artificial, of lung, emphysema of (abs), 462 
superimposed spontaneous, complicating treat- 
ment of pulmonary tuberculosis (abs), 461 
Pons, tumors of, ventriculographic localization, 348 
PoTassIUM ARSENITE, observations in chronic myelog- 
enous leukemia, before and during remis- 
sions induced by solution of (abs), 312 
PREGNANCY complicated by osteopetrosis (abs), 794 
tubal, diagnosis of (abs), 155 
PROFLAVINE OLEATE, control of local sepsis in radium 
therapy by (abs), 798 
PROSTATE GLAND, carcinoma of, treated by super- 
voltage roentgen rays, 715 
multiple giant calculi of, 63 
Protection, high tension, without technical limita- 
tions (abs), 482 
x-ray and radium, international recommenda- 
tions for, 134 
Proteins, temperature coefficient of effect of radia- 
tion on, 501 
PyELO-URETEROGRAPHY in inclined planes, 730 
Py.orus, influence of osmotic pressure changes of 
salt and sugar solutions on action of, 335 


Rassirs, changes in teeth of, produced by oral ad- 
ministration of radium sulphate (abs), 482 
effect of roentgen rays on stomach in, 243 
Rapiation, effects of, on oil, 427 
quantities, biological measurement of, 906 
shield enabling exact measurement of (abs), 482 
temperature coefficient of effect of, on proteins, 
501 
therapy as therapeutic procedure for typhoid 
carriers (abs), 314 
RADIOACTIVE preparations, study of radiointensity 
in close proximity to, by means of thin-wal- 
led ionization chamber (abs), 481 
Raproactivity of thorium dioxide sol (abs), 482 
RapioLocicaL ConFrERENCE IN Rocky Mountains, 
Denver, preliminary program, 138 
RapIoLocicaL Society or New JERSEY, 140 
Rapi0.ocIst, status of, in hospital practice (E), 295 
Rapio.ocists, graduate education and training of 
(abs), 799 
interesting news items from American Medical 
Association, 305 
RapIoLocy, experiences in teaching, to undergradu- 
ate students (abs), 799 
some problems of gamma-ray measurement in, 92 
undergraduate teaching of, in medical schools of 
United States (abs), 801 
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Rapivm applicator, improved uterine, 932 
chloride injections, further experience (abs), 803 
needles, method for securing, in the mouth, 785 
poisoning, experimental (abs), 482 
rays, international recommendations for pro- 
tection against, 134 
rental of, 303 
sulphate, changes in teeth of rabbits produced 
by oral administration of (abs), 482 
therapy: See also Telecurietherapy 
therapy, control of local sepsis in, by use of pro- 
flavine oleate (abs), 798 
therapy, principles governing, 497 
Rectum, carcinoma of (abs), 161 
inoperable carcinoma of, successful irradiation 
of eight cases (abs), 322 
significance of lateral view of, 598 
ResPIRATION, changes in pulsat’ of heart during, 
relative to function of pericardium (abs), 
639 
RESPIRATORY TRACT, upper, cooperation of surgeon 
and radiologist in treatment of tumors of, 
from roentgen viewpoint (abs), 312 
Ruevumatic heart disease, active, roentgen therapy 
(abs), 313 
RHEUMATISM, erythema nodosum in (abs), 476 
Rickets, active, lead poisoning associated with 
(abs), 475 
renal (abs), 643 
ROENTGEN, revised definition of, g1 
ROENTGEN cinematography, small film (abs), 798 
cinematography, studies on, of internal organs, 
and circulation of blood of human body, 
913 
dosimetry, its evolution and present status 
(abs), 803 
irradiation, Coutard’s method (abs), 318; (abs), 
319 
irradiation, fractional, attempt to accentuate 
sensitive cell phase during (abs), 319 
irradiation, fractional and protracted (abs), 315 
irradiation, method of, with weak doses (abs), 
320 
irradiation, single dose (abs), 317 
irradiation, treatment of peritendinitis calcarea 
by, 14 
radiation, attempt to test individual bodily re- 
action in persons subjected to (abs), 312 
relation, biologic test of inverse square law as 
applied to (abs), 164 
-ray absorption of tooth slabs, quantitative 
measurement of, 108, 269 
-ray beam, use of lead diaphragm to collimate, 
for treatment purposes (abs), 482 
-ray beams, reduction of back-scatter from, 608 
rays, and fast neutrons, relative biological effec- 
tiveness upon different organisms (abs), 
483 
rays, clinic and therapy of professional injuries 
resulting from (abs), 321 
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rays, effect of, on growth of mouse sarcoma 180 
irradiated in vivo (abs), 323 
rays, effect of, on stomach in rabbits, 243 
rays, effect of, on tumors in animals treated by 
prolonged continuous exposure of entire 
body, 418 
rays, international recommendations for pro- 
tection against, 134 
rays, skin reactions caused by 1,000 kv. and 
200 kv. (abs), 484 
rays, supervoltage, carcinoma of urinary blad- 
der, cervix uteri and prostate treated by, 
715 
rays, supervoltage, clinical observations in use 
of, based upon six years’ experience, 52 
therapy: See also Teleroentgen therapy 
therapy, contact, further experiences with (abs), 
316 
therapy, contact, method of (abs), 316 
therapy, contact, method of, in gynecology 
(abs), 315 
therapy, contact, methods and results in treat- 
ment of cancer (abs), 315 
therapy, contact, results of, at Second Surgical 
Clinic (abs), 316 
therapy, contact, results with, by method of 
Schaefer-Witte in carcinoma of female 
genitalia (abs), 315 
therapy, distant, effect of, on tuberculous lym- 
phoma (abs), 320 
therapy, evolution, principles and _ biologic 
groundwork of (abs), 312 
therapy, high voltage, measurements of radia- 
tion energy and true tissue dosage (energy 
absorption) in, 104 
therapy, new tube for, at high intensity with 
external anticathode (abs), 803 
therapy, observations in chronic myelogenous 
leukemia before and during remissions in- 
duced by (abs), 321 
therapy, principles governing, 497 
therapy, saturation method, especially the 
Frankfurt modification entailing diminish- 
ing doses (abs), 318 
therapy, supervoltage, method for decreasing 
ionization in skin applicable to (abs), 163 
therapy, supervoltage, methods of, in carcinoma 
(abs), 317 
therapy, supervoltage, three-year results in 
treatment of malignant neoplasms with 
(abs), 797 
RoENTGENOGRAPHIC apparatus, control and calibra- 
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